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ABSTRACT
The main purpose of this study was to analyze relative isometric 
muscular endurance during four conditions involving different work­
loads in the presence of non-occluded and occluded blood circulation 
for high and low strength individuals. The secondary purpose of this 
study was to investigate strength decrement following exercise with 
different workloads and with non-occluded and occluded circulation. An 
incidental purpose was to determine if selected percentages of muscular 
strength produced intramuscular occlusion during relative endurance per­
formance.
Sixty adult male volunteer subjects participated in this study 
which was conducted during the 1970-1971 academic year. Based on iso­
metric military press scores, two groups consisting of thirty subjects 
per group were formed: a high strength group and a low strength group.
Each of the subjects were tested on measures of isometric elbow 
flexion strength, relative isometric elbow flexion endurance, and 
strength decrement for elbow flexion following a counterbalanced sched­
ule of the experimental conditions. The experimental conditions were as 
follows: Experimental Condition Number One (a workload of thirty per
cent of maximal isometric strength with non-occluded blood circulation 
to the exercised muscle group); Experimental Condition Number Two (a 
workload of thirty per cent of maximal isometric strength with occluded 
blood circulation to the exercised muscle group); Experimental Condition
x
Three (a workload of sixty per cent of maximal isometric strength with 
non-occluded blood circulation to the exercised muscle group); Experi­
mental Condition Four (a workload of sixty per cent of maximal isometric 
strength with occluded blood circulation to the exercised muscle group).
A completely randomized two-by-two split plot factorial analy­
sis of variance was used to compare the endurance holding times achieved 
under the four experimental conditions. A completely randomized two- 
by-two-by-three split plot factorial analysis of variance was employed 
to compare strength decrement indices following each of the four experi­
mental conditions.
The results of the study indicated that:
1. Persons of lower strength apparently are able to exercise 
and to recover from the exercise more efficiently although the high 
strength subjects tend to have a consistently smaller strength decre­
ment at the end of each recovery interval.
2. With occlusion, and at higher percentages of relative work­
loads, the greater relative endurance of weaker individuals tends to 
disappear.
3. The large relative endurance differences between non­
occlusion and occlusion diminish at higher percentages of relative 
workloads.
4. Greater strength decrement occurs with longer exercise.
CHAPTER I
INTRODUCTION
That two events or conditions are interrelated or significantly 
different is a premise upon which many discussions thrive and many ques­
tions are asked and answered. Educators have found that high school 
grade-point averages, in most cases, are closely associated with aca­
demic achievement in colleges. Medical doctors have tended to associate 
coronary heart disease with variables such as hypertension and obesity. 
Under experimental conditions, it can be found that one variable in­
fluences another variable. Unfortunately, confusion begins when a mis­
guided individual attempts to interassociate relationship and causation.
1
As reported by Spence and others, a ridiculous example of such a glaring 
error would be the establishment of a high positive relationship between 
height of boys and the length of their trousers which was interpreted 
to mean that by lengthening their trousers, the boys' height would be 
increased. The premise that relationship and causation are in the same 
context is a gross misinterpretation of interrelationships.
Fortunately, in a scientific discussion involving correlational 
and comparative studies, such ludicrous examples are not forthcoming. 
However, in a discussion among physical educators and exercise physiolo-
Janet T. Spence and others, Elementary Statistics, 2d ed., (New
York: Appleton-Century-Crofts, 1968), p. 116.
gists, the concepts of muscular strength and muscular endurance invari­
ably enter into the discussion. As one might expect, the wings of aca­
demic discussion are spread; and the debate of the relationship of 
strength and endurance ensues. The nature of the discussion might swing 
its pendulum from a negative relationship, through the realm of no rela­
tionship, to what some debaters would term an obvious positive relation­
ship. The irony of a discussion about muscular strength and muscular 
endurance relationships and differences is that respectable research 
could be cited that would substantiate the above statements. A close 
examination of the research thus would indicate an inconsistency in the 
findings of such research studies.
It is recognized that many pertinent discussions often lack true 
understanding simply because of the ambiguity of semantics. Physical 
education is not immune to such equivocal terminology. One can find 
almost as many different definitions of strength and endurance as there
t
are authorities in the physical education profession. To crystallize 
this point, the reader is referred to the works of Herbert de Vries,
Perry Johnson, and Laurence Morehouse.
2
Herbert de Vries defined endurance as the ability to persist 
in physical activity and resist muscular fatigue. Endurance was divided 
by de Vries into subheadings of local muscular endurance and general 
circulorespiratory endurance. Localized endurance involves, according 
to de Vries, such movements as leg extension or leg flexion while gen­
eral endurance involves gross body movement such as running or swimming.
2
Herbert A. de Vries, Physiology of Exercise for Physical
Education and Athletics, (Debuque, Iowa: Wm C. Brown Co. Publishers,
1966), pp. 322-323; 330.
Johnson and others defined muscular endurance as the ability to 
persist in muscular activity in which local fatigue rather than general 
exhaustion was the limiting factor. The authors described two types of 
muscular endurance--dynamic and static. Dynamic endurance involves 
repetitions; static endurance involves the amount of time a contraction 
of a certain magnitude can be maintained. The authors made the distinc­
tion between muscular endurance and circulorespiratory endurance.
Strength was described as one of two types--dynamic or static--and was
defined as the maximum force that could be exerted under prescribed cir- 
3
cumstances.
Morehouse and Miller described endurance as the ability of the
body to withstand prolonged activity. Ability to exert tension against
4
resistance was described as strength.
Thus, it can be seen that unless a distinction is made between 
strength measures, one could be referring to either static or dynamic 
strength. Likewise, endurance in a discussion might be perceived to 
represent circulorespiratory endurance when actual reference was being 
made to local static or dynamic muscular endurance. Furthermore, muscu­
lar endurance, whether it be static or dynamic, must be further qualified 
as either relative or absolute endurance. A relative endurance test 
concerns itself with a workload that is proportionate to maximum indivi­
dual strength. A test of absolute endurance requires a set workload
3
Perry B. Johnson and others, Physical Education A Problem- 
Solving Approach to Health and Fitness, (New York: Holt, Rinehart,
and Winston, Inc., 1966), pp. 143-144; 146-147.
^Laurence E. Morehouse, and Augustus T. Miller, Physiology of
Exercise, 4th ed., (Saint Louis: The C. V. Mosby Co., 1963), pp. 59,
237.
for all individuals irrespective of their maximum strength factor. To 
refine one's discussion of muscular endurance measurement to dynamic or 
static endurance must be considered incomplete unless proper reference 
is made to the type of endurance being discussed. Regardless of how pre­
cisely or superficially strength and endurance are defined these two meas­
ures are acknowledged prerequisites for total human effectiveness.
The authors previously cited dealt with types of strength and
endurance. A logical question might be, "Does one kind of strength or
endurance address itself to more scientific measurement than another?"
The external conditions determine the way a submaximally or 
maximally innervated muscle may contract. The muscles may contract 
against an outer resistance which is immovable and would be considered 
an isometric or static contraction. The muscles may contract'against an 
outer resistance which can be overcome resulting in an actual shortening 
of the muscles. This would be considered isotonic or dynamic movement. 
Obviously, a muscle then may contract against an outer force which 
lengthens the muscle which would still be considered a form of iso­
tonic or dynamic movement.
All three types of the above measurements have been used in re­
search. Isometric measurement does have certain unique advantages.
5
Asmussen indicated that isometric strength measurement is less time 
consuming and less fatiguing to the subject; and for the most part, 
maximum strength can be determined by a single contraction. With iso­
tonic strength measurement, several trials are usually needed to deter­
mine maximum strength. Also, isotonic endurance measurements are
^Erling Asmussen, "The Neuromuscular System and Exercise,"
Exercise Physiology, ed. Harold Falls, (New York and London: Academic
Press, 1968), pp. 30-31.
dependent upon the velocity with which the movements take place, thus 
presenting an additional variable to be controlled which does not con­
front isometric testing. However, it must be recognized that isometric
measurements do not include the full range of movement that is possible
6
in isotonic measurements. Asmussen further explained that the maximal 
weight that can be moved through an entire range of movement is maximum 
only at the position where lifting ability is the least. Recognizing 
the advantages of isometric testing as outlined by Asmussen, an investi­
gation of individual measurements of isometric muscular strength and 
muscular endurance still remains a rather broad and encompassing concept. 
Without further defining muscular strength and muscular endurance rela­
tionships, a mere distinction of types of measurement leaves the scope 
of investigative alternatives quite extensive. For example, one could 
refer to maximum isometric muscular strength as a maximum exertion and 
refer to isometric muscular endurance as the length of time two thirds 
of an individual's maximum strength could be held, or any number of 
other possible combinations. It has been generally found that research 
studies have dealt with maximum strength and a single workload percent­
age of maximum strength as the relative and/or absolute endurance meas­
urement. A review of current research has produced rather consistent 
findings on the relationship and comparison of measures of isometric 
muscular strength and absolute isometric muscular endurance tests. One 
could not make this statement with reference to relative isometric mus­
cular endurance tests. It would appear that more insight could be 
gained by conducting a study investigating relative isometric muscular 
endurance at more than one workload level.
6
Ibid., p. 31.
To limit an investigation to the analysis of isometric muscular 
strength and relative isometric muscular endurance at different work­
load levels still leaves an important variable uncontrolled. That
7 8
factor is circulatory occlusion. Royce, Scart and Holmes, Barcroft
9 10
and Millen, and Hvid and Sylvest have shown that intramuscular pres­
sure developed by a particular workload percentage of maximum strength 
can be of sufficient magnitude to cause occlusion to the muscle group 
being tested. However, the level at which reported occlusion occurs 
varies greatly in the studies. Certainly it must be acknowledged that 
if circulation of blood is occluded to a muscle group, its corresponding 
endurance performance will be affected. There is a dearth of informa­
tion that would indicate that one workload percentage level proportional 
to a maximum exertion produces complete circulatory occlusion in a mus­
cle group for all people. Since inconclusiveness exists concerning the 
workload percentage level at which intramuscular occlusion actually does 
occur, investigations should attempt to control this variable of blood 
occlusion. It should be obvious that if only partial blood occlusion to 
a muscular group occurred in one individual while complete blood occlu-
^Joseph Royce, "Isometric Fatigue Curves in Human Muscle With 
Normal.and Occluded Circulation," Research Quarterly, XXIX (May, 1958), 
211.
g
K. B. Start and Rosemary Holmes, "Local Muscle Endurance With 
Open and Occluded Intramuscular Circulation," Journal of Applied 
Physiology, XVIII (July, 1963), 804-807.
Q
H. Barcroft, and J. L. E. Millen, "The Blood Flow Through 
Muscles During Sustained Contraction," Journal of Physiology, London, 
XCVII (1939), 17.
^N. Hvid and 0. Sylvest, "Pressure Measurement in Straited 
Muscle," Proceedings, International Congress of Physical Medicine,
2d, Copenhagen, (1956), 151-155.
sion occurred in another individual, the two endurance scores would be 
greatly affected regardless of their initial strength measure.
The paucity of scientific material regarding isometric mus­
cular strength and muscular endurance at different workload levels in 
the presence of conditions of non-occluded and artificially occluded 
blood circulation warrants further investigation. By further quali­
fying a study of strength and endurance to different strength levels, 
an investigation would be even more specific. A review of literature 
reveals that very little research has been conducted with individuals 
representing demonstrated differences in muscular strength. In such a 
classification, it must be realized that individuals, especially indi­
viduals inferior on strength measures, are inhibited when asked to per­
form a task that is relatively new to them.
An important factor then that would affect the measurement of
muscular strength and muscular endurance is motivation. The factor of
11
motivation must be recognized as existing. Cratty defined motivation
12
as a general arousal to action. Singer stated that individual per­
formance is likely to fluctuate in any situation and at any time. In 
many cases, this variability in performance is caused by environmental 
factors.
A general arousal to action may have varied results. Motiva­
tion may result in increased performance in strength measures and motor 
task performances. However, excess motivation may also have a detrimental
^Bryant J. Cratty, Movement Behavior and Motor Learning, 2d ed., 
(Philadelphia: Lea and Febiger, 1967), p. 132.
12
Robert Singer, Motor Learning and Human Performance, (New 
York: The Macmillan Co., 1968), p. 172.
effect upon an individual's motor performance by increasing tension thus 
reducing bodily coordination.
Recognizing that it is difficult to control innate motivation 
and the personality of an individual in experimental research, one can 
more effectively control environmental factors that have varying effects 
upon motivation. It has been acknowledged that instructions, the time 
of day, noise, the presence of people, and knowledge of results, have an 
influence upon an individual's performance. To reduce the influence of 
environmental factors in experimental research, these components must be 
effectively controlled.
A more precise understanding of the relationship of isometric 
strength and relative endurance would have significant implications for 
physical education, athletic training, and various rehabilitation pro­
grams. Does an inverse or no relationship indicate that strength should 
be neglected in the development of endurance? Hopefully, the weaker 
individual's muscles are not more efficient for endurance activities 
than the muscles of the stronger individual. But perhaps there is a 
point along a continuum at which the development of muscular strength is 
detrimental to muscular endurance performance. ..It would then seem logi­
cal that an insufficient degree of strength would also be detrimental to 
muscular endurance performance. Also, it could be argued that the dif­
ference of relative endurance measures in the presence of occluded cir­
culation between individuals possessing different degrees of strength 
might be negligable since it would seem plausible that like amounts of 
contractile waste products were being formed by both strong and weak 
muscles.
9It has often been assumed that the stronger muscles have more 
efficient localized circulation. However, a scarcity of information 
concerned with localized circulation following fatigue of muscles having 
exercised with both non-occluded and occluded blood circulation indi­
cates that more scientific information is needed in this area.
Stronger individuals have been unanimously acknowledged as being 
able to maintain a greater absolute weight load for an established time 
interval than weaker individuals. However, the effects of isometric 
strength and relative isometric endurance proportional to strength has 
not elicited agreement among the researchers. Such a study should add 
more knowledge to the important area of the development of muscular 
strength and muscular endurance.
STATEMENT OF PROBLEM
Since the analysis of muscular strength and endurance still 
resists conclusive clarity, it was deemed worthwhile to investigate 
isometric endurance of the elbow flexor muscles (a) at relative strength 
workloads, (b) with non-occluded and occluded blood circulation to the 
local muscle group, (c) in individuals representing demonstrated dif­
ferences in strength, and (d) as to its effects on strength decrement at 
selected recovery intervals. Such an approach allows scrutiny of the 
understanding of isometric muscular strength and relative endurance with 
pertinent factors controlled.
PURPOSE OF THE STUDY
The main purpose of this study was to analyze relative iso­
metric muscular endurance performance during four conditions involving
10
different workloads in the presence of non-occluded and occluded blood 
circulation for high and low strength individuals. The secondary pur­
pose of this study was to investigate strength decrement following ex­
ercise with different workloads and with non-occluded and occluded cir­
culation. An incidental purpose was to determine if selected percentages 
of muscular strength produced intramuscular occlusion during muscular 
endurance performance.
DEFINITION OF TERMS
The terms basic to this study were defined as follows:
Isometric Strength: The greatest amount of force a muscle
group can exert without movement being a factor.
Isometric Endurance: The length of time a muscle group can
maintain a given percentage of maximum isometric strength without move­
ment being a factor.
Normal or Non-Occluded Blood Circulation: The allowance of
natural blood flow without the presence of artificial restriction.
Artificially Occluded Blood Circulation: The artificial
closure of blood passage to a muscle group by using a sphygmomanometer 
pressure cuff.
Strength Decrement Index: An index for determining the strength
loss of a muscle group following muscular exertion the formula being:
_ Strength (before exercise) - Strength (after exercise) n n ^
Strength (before exercise)
13H. Harrison Clarke, Muscular Strength and Endurance in Man,
(Englewood Cliffs, New Jersey: Prentice Hall, Inc., 1966), p. 98.
11
Relative Isometric Endurance Test: A test in which the subject
works with a proportional workload percentage of his maximum strength.
Absolute Isometric Endurance: A test in which the subject works
with a set workload without relationship being made to maximum strength 
of the individual.
Workload Percentage Levels: A percentage of maximum isometric
strength (MIS) which is held isometrically until fatigue forces relaxa­
tion of the muscle group involved. The workload percentages in the 
study were thirty and sixty per cent of maximum isometric strength.
High-Strength Group: Subjects classified as being high in mus­
cular strength according to military press scores which were higher than 
ninety per cent of body weight as registered on the Iso-Meton Exerciser.
Low-Strength Group: Subjects classified as being weak in mus­
cular strength according to military press scores which were lower than 
sixty per cent of body weight as registered on the Iso-Meton Exerciser.
DELIMITATIONS OF THE STUDY
The study involved adult males who were from Louisiana State 
University and from a health studio of Baton Rouge, Louisiana. The 
study was restricted to measures of isometric muscular strength and 
relative muscular endurance of the right elbow flexor muscle group. The 
two groups under study were classified according to isometric military 
press strength since the investigator desired to analyze individuals 
that represented demonstrated differences in upper body strength. The 
subjects performed the relative muscular endurance tests on each of four 
days under four different experimental conditions.
12
LIMITATIONS OF THE STUDY
Although the subjects were asked to exert a maximum effort on 
both muscula*’ strength and muscular endurance tests, their motivational 
level may have affected their performance. The study was designed to 
be conducted in the Research Laboratory of Louisiana State University; 
however, twelve subjects were tested in a room adjacent to an exercise 
studio in which the noise could not be completely controlled by the in­
vestigator.
CHAPTER II
REVIEW OF RELATED LITERATURE
INTRODUCTION
1
An extensive review of literature prompted Rasch to recognize
Hettinger and Muller's findings as published in 1953 as the original
research that initiated extensive investigation of the concept of
isometric contraction exercise. Certainly its impact on research
in physical education cannot be denied.
Although the first scientific study measuring strength has
been reported to have been done by a French scientist, de la Hire in 
2
1694, H. Harrison Clarke's research in the area of strength measure­
ment by cable tension tests must be acknowledged as a milestone in 
modern muscular strength testing research. While Hettinger and 
Muller inaugurated an entirely new area of strength development, Clarke 
subsequently perfected isometric strength tests. involving the fingers, 
thumb, wrist, elbow, shoulder, neck, trunk, hip, knee, and foot joints.
Philip J. Rasch, "Progressive Resistance Exercise: Isotonic
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Muscle strength was measured by the aircraft tensiometer which was
originally utilized to measure the tension of aircraft control cable
and has since been modified to accomodate muscular strength tests.
4
Clarke studied the effectiveness of four instruments for recording 
muscle strength. The instruments included in the study were: the
cable tensiometer, the Wakim-Porter strain gauge, the spring scale, 
and the Newman myometer. With objectivity coefficients of between 
.90 and .95, the cable tensiometer proved to be the most efficient in­
strument for the measurement of muscular strength.
With the development of isometric strength testing, isometric
5
endurance investigation was a logical sequence. W. W. Tuttle's work 
in the 1950's with grip strength endurance initiated the interest that 
has caused other investigators to search for a better understanding of 
muscular endurance. Analysis of the appraisal of isometric endurance
has included some variation of (a) contraction force, (b) duration of
6
contraction, (c) number of contractions, and (d) recovery time. The 
above experimental variables, regardless of the simplicity or complexity 
resulting from experimental manipulation, are more involved than many 
researchers have acknowledged.
The review of literature that follows illustrates how a seem­
ingly uncomplicated concept of isometric muscular contractions has
4
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Maximal Grip Strength to Grip Strength Endurance," Journal of Applied 
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produced rather conflicting results in the continuum of muscular 
strength and endurance.
The literature reviewed was a composite of what many investi­
gators have established in attempting to unravel the conflicting evi­
dence on muscular strength and endurance. In Section II, the utiliza­
tion of various procedures for measuring isometric muscular strength 
was presented followed by a review of different techniques for the 
measurement of isometric muscular endurance (Section III). It was be­
lieved that an acquaintance with these procedures would make the find­
ings of the studies presented in Section IV related to comparisons and 
relationships of muscular strength and endurance more expressive to the 
reader. In Section V, studies also were reviewed that investigated the 
effects of blood flow on muscular strength and endurance. Section VI 
presents research findings concerning the effects of endurance fatigue 
on post-exercise strength. Section VII contains a summary of related 
literature.
STUDIES RELATED TO THE MEASUREMENT 
OF ISOMETRIC STRENGTH
A close examination of the studies involving strength measure­
ment indicated that the instrument used in a study was of major concern 
to the investigator. Reliability coefficients in the .90's have been
reported for the measuring instruments utilized in the studies reviewed.
7
As reported in similar studies, Clarke found objectivity coefficients 
of .90 or higher using the cable tensiometer to measure muscular strength
^H. Harrison Clarke, Muscular Strength and Endurance in Man,
(Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1966), pp. 12-15.
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of various muscle groups. These findings have led many investigators 
to accept the tensiometer as the instrument to be most reliable in 
measuring strength of isolated muscle groups. However, as noted pre­
viously, it has not been the only instrument used in strength measure­
ment. A number of instruments have been developed for the purpose of 
measuring strength. Spring scales, iso-scales, and grip dynamometers
in addition to the tensiometer were mentioned by Johnson and Nelson as
8
instruments used to measure isometric muscular strength.
A most important consideration of strength measurement is the 
positioning of the subject to insure proper isolation of the muscle 
group to be measured. The placement of the individual almost without 
exception requires specially designed equipment to facilitate the meas­
urement procedures. The ingenuity of the investigators in the designing 
of'equipment is evident in the forthcoming discussion. Acknowledging 
that strength measurement equipment and body positioning is somewhat spe­
cific to the muscle group being tested, only studies analyzing the elbow
flexor muscles will be reviewed in this particular section.
9
Clarke, a pioneer in strength testing, studied elbow flexion 
strength curves noting that an ascending-descending curve existed with 
the greatest strength being exhibited in the center range of motion.
This center range of motion yielded the greatest isometric strength 
when the joint angle of the elbow was in a position between 100 and 140 
degrees.
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The supine placement of the subject was suggested by Clarke 
with the legs in a flexed position to measure elbow flexion strength.
The forearm was placed in a mid-prone position with an elbow angle of 
115 degrees. A pulling attachment strap was placed around the fore­
arm midway between the wrist and e l b o w . T h e  body positioning and 
elbow placement of Clarke's investigations seem to have set a preced­
ent to which other studies investigating elbow flexion strength have 
adhered.
Start and Graham tested the elbow flexors using a tensiometer
with the placement of the elbow angle at 115 degrees. The subject's
body was placed in a supine position on a testing table provided with
an adjustable footboard for the feet to push against to eliminate arch­
il
ing of the back during testing.
Carlson tested elbow flexion strength utilizing a supine posi­
tion with the feet extended against an adjustable footboard. Employing
the cable tensiometer, the elbow flexors were tested at a ninety-degree 
12
angle.
Meyers and Sullivan, studying fatigue, tested isometric contrac­
tion of the right arm while the subject was in a supine position with 
the feet also supported by a footrest. The right arm was placed in a 
neutral position between pronation and supination with the angle of
*^Ibid., p. 64.
11K. B. Start and J. S. Graham, "Relationship Between the 
Relative and Absolute Isometric Endurance of an Isolated Muscle Group," 
Research Quarterly, XXXV (May, 1964), 196-197.
12B. Robert Carlson, "Relative Isometric Endurance and Differ­
ent Levels of Athletic Achievement," Research Quarterly, XL (October,
1969), 476.
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contraction held constant at an angle of 130 degrees at the elbow. A
cable attached at a ninety-degree angle to the forearm enabled a cable
13
tensiometer to be used for measuring isometric strength. Employing
14
a cable tensiometer, Cotten investigated isometric contraction by 
measuring the left forearm flexors while the subject was in a supine 
position with the forearm flexed at a ninety-degree angle with the 
upper arm.
Almost identical procedures to those suggested previously by
15
Clarke were administered by Irish while measuring the elbow flexor
muscles. A recent study by Carlson revealed that measurement of the
right biceps brachii muscle was conducted in a supine position with the
legs extended against a footboard. While the right elbow angle was 100
degrees, the biceps brachii strength measurement was recorded by a cable
16
tensiometer with the forearm in a neutral position.
One of the more significant studies that utilized an instrument 
other than the tensiometer to measure elbow flexor strength was conducted 
by Caldwell. An isometric dynamometer handle with a strain gauge was
■^Stanley J. Meyers and William P. Sullivan, "Effect of Circu­
latory Occlusion on Time to Muscular Fatigue," Journal of Applied Physi­
ology. XXIV (January, 1968), 54-55.
■^Doyice Cotten, "Relationship of the Duration of Sustained 
Voluntary Isometric Contraction to Changes in Endurance and Strength," 
Research Quarterly, XXXVIII (October, 1967), 368.
^Everett A. Irish, "Optimum Endurance Measurement of Elbow 
Flexor Muscles and the Relations of Strength, Anthropometric, and 
Fatigue Factors to Arm Strength Criteria,1' (micro-carded dissertation, 
University of Oregon, 1958), pp. 15-16.
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(micro-carded dissertation, University of Texas, 1968), pp. 8, 50-63.
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employed to measure this muscle group while the elbow angle was posi-
17
tioned at 150 degrees with the subject placed in a seated position.
The studies that specifically related to elbow flexion strength 
revealed a wide acceptance of the tensiometer as an instrument to meas­
ure strength. The positioning and elbow angle have varied, obviously, 
in attempts to neutralize body movement that would bias the true strength 
measurement of the muscle group under study.
STUDIES RELATED TO THE MEASUREMENT 
OF ISOMETRIC ENDURANCE
An analysis of the studies measuring isometric endurance re­
veals a number of variations for obtaining this measurement. Several 
of these techniques will be discussed in the following section.
Start and Graham employed a modification of the Kelso-Hellebrandt 
Ergograph to test isometric endurance of the elbow flexors which was de­
noted as the length of time the subject could maintain a particular load 
•resistance at a predetermined elbow angle. The ergograph insured that 
loading stress placed upon the forearm was at right angles with the arm 
regardless of the angle of the elbow while the feet pushed against an 
adjustable foot base to eliminate arching of the back. A movable stop 
breaker on the ergograph was set at 115 degrees, and a second movable 
stop was then preset allowing only a transverse of one degree forty 
minutes. The subject attempted to maintain the lever between the two 
stop breakers as the endurance time started when the subject lifted 
the load above the lower stop and continued until the subject could
17Lee S. Caldwell, "Measurement of Static Muscle Endurance," 
Journal of Engineering Psychology, III (January, 1964), 17.
20
no longer prevent the load resistance from returning to its original 
18
position^
Carlson, utilizing a custom designed weight tray, tested the 
static endurance of the elbow flexors while the subject was in a supine 
position with the feet extended against an adjustable footboard. With 
an elbow angle of ninety degrees, a weight tray was connected by a 
pully system to the arm being tested while movement of the arm and
weight tray was restricted by two micro-switches. The two micro­
switches, one indicating that the pulling force was not sufficient and
the second signifying that exertion was too great, permitted endurance
19
to be measured in units of time. Similar techniques were administered
20
in a later study conducted by Carlson.
Using an isometric dynamometer handle with a strain gauge, Cald­
well tested isometric endurance with the elbow flexors pulling at an 
angle of 150 degrees. During the endurance test, the subject exerted 
sufficient tension to activate a designated light attempting to keep 
this light activated as long as possible. Endurance time was measured 
as the length of time activation of the light was maintained. Termina­
tion of the endurance measure was acknowledged if the light could not
21
be reactivated within three seconds.
18
Start and Graham, op. cit., pp. 197-199.
19
Carlson, "Relative Isometric Endurance and Different Levels 
of Athletic Achievement," loc. cit.
20
Carlson, "A Comparison of Muscular Strength and Relative 
Muscular Endurance in Isotonic and Isometric Contraction," loc. cit.
21
Lee S. Caldwell, "Relative Muscle Loading and Endurance," 
Journal of Engineering Psychology, II (October, 1963), 157-158.
21
Endurance testing of wrist flexion has disclosed innovative 
testing techniques. Start investigated isometric endurance of the 
palmar flexors in a seated position. The arm being utilized in the 
testing was placed on a testing table and the subject lifted a pre­
determined load secured in a weight tray one inch off the floor using 
wrist flexion. The endurance measurement began at the moment the load
was lifted from the floor and ceased when the subject could no longer
22
prevent the load from returning to the floor.
Also using wrist flexion, Kroll tested repeated maximal iso­
metric wrist flexion while the subject was in a seated position. Un­
like the above study of Start, wrist flexion endurance was measured 
through the use of a table mounted cable tensiometer with a handle 
attached to the cable provided with chain links to allow individual
adjustment in an effort to maintain the same wrist extension angle for 
23
all individuals.
The studies reported thus far, except for the investigation of
Kroll, have measured endurance in units of time. However, a number of
studies have held endurance time constant and measured the percentage
of maximum tension .held as the measure of endurance. Martens and
Sharkey investigated static endurance of the elbow flexors using
an elbow angle of 100 degrees. A desired proportionate tension was
24
maintained on a cable tensiometer. Staunton, Taylor, and Donald
22
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(November, 1964), 1135-1136.
23
Kroll, op. cit., p. 108.
24Rainer Martens and Brian J. Sharkey, "Relationship of Phasic 
and Static Strength and Endurance," Research Quarterly, XXXVII (October, 
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utilizing a strain gauge dynamometer, measured a subject's maximum
exerted tension for a set time which was held constant for all sub- 
25
jects.
A rather sophisticated dynamometer to measure leg and back
endurance was developed by Tuttle, Janney, and Salzano. Endurance was
measured in terms of the percentage of maximum strength an individual
could maintain over a one-minute as well as a thirty-second period of 
26time.
Clarke, investigating fatigue, used a single contraction held
maximally for two minutes as a test of static work. The maximal force
being held was measured every five seconds by the utilization of the
27
California spring-loaded ergograph.
Local muscular endurance to date has been recorded through 
conventional instruments (tensiometer, ergographs, etc.) or through 
specially designed equipment built for measurement of a particular 
muscle group.
STUDIES CONCERNED WITH THE RELATIONSHIP OF ISOMETRIC 
MUSCULAR STRENGTH AND ENDURANCE
The importance of strength and endurance in the field of 
physical education is reflected by the numerous studies in this area.
^H. P. Staunton, S. H. Taylor, and K. W. Donald, "The Effect 
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Maximum Back and Leg Strength to Back and Leg Strength Endurance," 
Research Quarterly, XXVI (March, 1955), 96-104.
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These many investigations of muscular strength and endurance have pro­
duced varied conclusions.
Start and Graham, using a modification of the Kelso-Hellebrandt 
Ergograph and a cable tensiometer, investigated the flexor muscles of 
the elbow. A sample of thirty male subjects between the ages of eighteen 
and twenty-six were measured for isometric strength and endurance. Rela­
tive and absolute endurance was measured by the length of time that a 
particular load resistance at a 115 degree elbow angle could be main­
tained. The loading factor for relative endurance was five-eights of 
the maximum isometric muscular strength for each particular group mem­
ber. The loading factor for absolute endurance was five-eights of the 
mean of the maximum muscular strength scores of the subjects.
The authors obtained a .749 correlation between maximum iso­
metric strength and absolute isometric endurance. This correlation was 
significant at the .01 level of confidence. A significant difference 
at the .01 level of confidence was found between the high strength 
group and the low strength group on measures of absolute endurance.
It was also found that a coefficient correlation between maxi­
mum isometric strength and relative isometric endurance yielded a nega­
tive correlation of .356 which was not significant. Using sub-groups 
of high, middle, and low strength, no significant difference on meas­
ures of relative isometric endurance was found among these groups.
The authors concluded that strength was related to endurance 
when the intramuscular pressure was great enough to cause occlusion. 
However, when tension in the muscles did not produce intramuscular 
vascular occlusion, isometric strength had less relation to endurance.
24
This would indicate that a small load level would produce little re­
lationship between strength and endurance.^
A similar experiment with twenty-three male subjects tested leg 
and back endurance with a dynamometer developed by Tuttle et al. In­
vestigating back strength, Tuttle and associates found that the stronger 
subject could not maintain as large a percentage of his total strength 
as could the individual with less strength. During a thirty-second 
effort, a coefficient correlation of -.810 was obtained. For a one- 
minute effort,, a correlation of -.480 was determined. Similar to Start 
and Graham, the investigators found that the stronger subjects' abso­
lute endurance was greater than that of the weaker subjects.
The same qualitative results were found for the leg strength as 
were found for the previously mentioned back strength. A negative cor­
relation of .260 was found between maximum muscular strength and maximum 
muscular strength maintained for thirty seconds while a sixty-second 
duration produced a negative .470 coefficient of correlation. From these
findings, the authors concluded that apparently strength development is
29
not directly proportional to the development of strength endurance.
Interesting results have been reported by Vanderhoof, Imig, and Hines
on the development of strength and endurance. Studying hand grip
strength and endurance, the researchers found that endurance training
groups made significant gains in both strength and endurance while sub-
30
jects training for strength made significant gains only in strength.
2®Start and Graham, op. cit., pp. 193-199.
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^Ellen R. Vanderhoof, Charles J. Imig, and H. M. Hines, "Effect 
of Muscle Strength and Endurance Development on Blood Flow," Journal of 
Applied Physiology, XVI (September, 1961), 874-877.
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From the findings of Vanderhoof et al. the relationship of strength and 
muscular endurance to a large extent apparently depends upon the manner 
by which strength and muscular endurance was developed.
Utilizing the palmar flexors in eleven subjects, Start investi­
gated muscular load and isometric endurance. Of the eleven subjects 
studied, five were male and six were female. A percentage varying from 
thirty-five to eighty-five per cent of maximum muscular strength was 
used as the endurance load. The endurance was measured with the blood 
to the forearm occluded through the use of a pressure cuff inflated to 
fifteen m.m. Hg. above the subject's systolic blood pressure. The 
length of time the subject could maintain a suspended weight one inch 
off the floor was the isometric endurance measure conducted for both 
arms of the subject.
The investigator found a correlation of -.708 between isometric
endurance and muscular load for the pairs of scores. Two subjects with
unusually high endurance scores were later determined to be highly
trained athletes. As stated previously, the degree of training could
and most likely does affect the relationship of strength and endurance.
From this rather limited sample, the author found that the higher the work
level the shorter the period during which the work level could be main- 
31
tained.
Carlson studied relative isometric holding time in groups re­
presenting different levels of athletic achievement. A sample of forty- 
seven subjects was divided into three groups. Group I contained sixteen 
athletes and was referred to as the high achievement group. Group II
31
Start, op. cit., pp. 1136-1138.
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was composed of sixteen athletes who had participated in the same sports 
(football, cross country, or swimming) as Group I; however, its members 
had never participated in intercollegiate sports. This group was called 
the middle level achievement group. Group III was composed of fifteen 
men who had no previous record of organized athletic experience and was 
referred to as the low level achievement group.
The relative weight loads consisted of 50, 60, 70, or 80 per 
cent of maximum strength. The reliability for the fifty and eighty per­
centage endurance levels was reported as .60 and .68 respectively. Carl­
son found that there was a significant difference between absolute 
levels of strength among the three groups. No significant differences
in relative isometric endurance were displayed among the groups at
32
either the 50, 60, 70, or 80 percentage weight load levels.
In a similar study, Carlson studied forty-seven male college
students on measures of isometric strength and relative load endurance.
Three groups were formed on the basis of strength measures. It was
found by Carlson that the low strength group was able to maintain a
significantly longer tension at levels of 50, 60, and 70 per cent of
maximum strength than could the high strength group. At the eighty per
33
cent level, holding time for the three groups was almost identical.
Examining the relationship between muscular strength and rela­
tive muscular endurance in both isometric and isotonic contractions, 
Carlson compared three strength groups and concluded that almost no
32
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relationship existed between strength and relative muscular endurance.
Using a test of relative isometric endurance, the weak individual was
34
able to perform better than an individual with more strength.
Caldwell investigated the relative endurance functions of male 
and female subjects with varied strength measures. Eighteen subjects 
were used in each group and were tested on six different days at load 
levels of 25, 40, 55, 70, 85, or 100 per cent of maximum strength.
An isometric dynamometer handle with strain gauges was used in 
the isometric strength and isometric endurance testing with isometric 
strength tests taken on each trial day. During the endurance test, the 
subject was instructed to activate a signal light by pulling the dyna­
mometer handle and keeping it activated as long as possible. The in­
vestigator found that no difference existed between the relative endur­
ance of males and females. This was true even though the physical load 
sustained for the males was twice that of the females. The subjects 
within the groups differed significantly on endurance measures, but the
investigator did not attribute this to differences in strength but rather
35
to factors such as motivation and physical conditioning.
Tuttle et al. demonstrated a dynamometer for measuring and re­
cording maximum grip strength and strength endurance. Using the dyna­
mometer, data for 200 university males were collected to determine the 
relationship between grip strength and grip strength endurance. The 
strength endurance was a percentage of the maximum grip strength that
*3/
Carlson, "A Comparison of Muscular Strength and Relative 
Muscular Endurance in Isotonic and Isometric Contraction,’1 op. cit., 
pp. 108-112.
35Caldwell, "Relative Muscle Loading and Endurance," op. cit.,
pp. 158-161.
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could be held for one minute and was correlated with maximum grip
strength. Correlation coefficients of -.40 and -.41 were obtained
for the right and left hand, respectively. The investigators concluded
that weaker individuals can maintain a higher proportion of their
36
strength over a period of time than can stronger individuals.
In a more recent study, Caldwell did not confirm the above 
findings of Tuttle and associates. Utilizing fifty-six male college 
undergraduates, Caldwell explored the relationship between strength and 
endurance. The elbow flexors were used for investigating types of en­
durance tests. One endurance test required the subject to pull on the 
dynamometer handle with a force that was one-half the subject's pre­
determined strength. The investigator found almost no relationship 
between strength and relative endurance. The coefficient of correla-
37
tion was a -.19 as compared to a -.40 in the above findings of Tuttle.
Berger's findings verified the findings of other researchers 
concerning the relationship of strength and endurance. However, the 
author studied the relationship of isotonic strength and endurance 
measures utilizing the bench press. The maximum dynamic endurance load 
was set at one-half of the maximum dynamic strength and endurance was 
determined by the number of times the weight could be lifted. Maximum 
dynamic strength was determined by the maximum load at which one com­
plete movement could be performed.
It was found by Berger that a -.40 correlation, significant at 
the .01 level, existed between the maximum dynamic strength and relative
36Tuttle, Janney, and Thompson, loc. cit.
37Caldwell, "Measurement of Static Muscle Endurance," op. cit.,
pp. 16-22."
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dynamic endurance. It was concluded that individuals of high dynamic
strength may have less relative endurance with loads of fifty per cent
38
of maximum strength than weaker individuals.
Burke's findings, using a percentage of maximum strength held
for a specific time as the relative endurance, were similar to others
who found that subjects who were lower in grip strength maintained a
higher percentage of their maximum strength over a one-minute period
39
than did the stronger subjects.
Maximum strength and endurance were studied by McGlynn to deter­
mine their relationship in the right wrist flexor group. Sixty subjects 
were divided into an experimental and control group. The experimental 
group of thirty was subdivided into high strength and low strength 
groups.
Using a desk mounted cable tensiometer, wrist flexion strength 
was measured by flexing the wrist as forcefully as possible and holding 
maximal, though diminishing, tension for 100 seconds. Tensiometer read­
ings were recorded every ten seconds, and the highest initial reading 
during the 100-second interval was recorded as maximal strength.
The experimental group participated in a twenty-day period of 
isometric training which involved a voluntary effort as described in 
the initial test of 100 seconds. Measures of strength and fatigue were 
taken on four different occasions during the training program. The 
control group did not participate in a training program.
38
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A significant relationship before and after the isometric train­
ing program was found between wrist strength and average level of 
strength held for the 100-second effort. A correlation of .77 was found 
for the experimental group before training, and a .72 correlation was 
found for the control group. The correlations after the training pro­
gram were similar, and all measures were significant.
Negative correlations were obtained when maximal strength was
correlated with percentage of maximum strength held for 100 seconds for
both the control and experimental groups. The experimental group also
displayed a negative correlation following the training program. It
was of interest to note that the low level strength group was able to
maintain a significantly higher percentage of their maximal strength
than the high level group. However, after training, there was no dif-
. ference between the mean percentage of strength held for the two groups.
The low strength group did make large gains in strength which McGlynn
40state'd was a result of training.
STUDIES CONCERNING THE EFFECTS OF BLOOD FLOW DURING 
ISOMETRIC MUSCULAR CONTRACTION
As reported in Barcroft and Millen's study, the rate of the 
blood flow through contracted skeletal muscle is a significant deter­
miner of the chemical processes occurring in that tissue and of the 
degree of fatigue. The authors reported that the blood circulation 
during weak contractions was maintained and was of functional value; 
however, the muscle became ischemic during strong contractions. The
^George H. McGlynn, "The Relationship Between Maximum Strength 
and Endurance of Individuals With Different Levels of Strength," Research 
Quarterly, XL (October, 1969), 530-535.
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authors further stated that maximal contractions were not accompanied by
41
hyperemia, but marked hyperemia occurred within seconds after relaxation.
42
Recent studies by Humphreys and Lind, and Barcroft, Greenwood,
43
and Whelan have acknowledged that ischemia, whether complete or only
partial, occurs during continuous static contraction. As suggested by 
44
Kroll, a primary factor associated with muscular fatigue curves is the
occlusion of intramuscular circulation resulting from the tension of mus-
45
cular contraction. Bauer and Imig reported two factors that influence 
blood flow in a muscle as (1) the compression of blood flow by the mus­
cle fibers during a muscular contraction and (2) dilation force of meta­
bolites liberated during a muscular contraction.
The study of blood flow during a sustained contraction within a 
muscle is a very delicate procedure and can be quite harmful to the sub­
ject if not investigated by a competent medical doctor. Such a study 
requires the insertion of a catheter into a vein as the blood flow is 
measured by a plethysmograph. It has been generally accepted that blood
41
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flow can be occluded to a muscle group by placing a pressure cuff around 
the concerned muscle group and inflating the cuff to a pressure that is 
above the systolic blood pressure of the subject.
Start and Holmes investigated certain aspects of intramuscular 
circulation and muscular endurance, specifically, the relationship of 
degrees of tension capable of producing intramuscular occlusion in en­
durance performance.
The study utilized twenty female undergraduates, and a modified 
Kelso-Hellebrandt Ergograph was used to measure the strength of right 
elbow flexion. Isometric endurance was determined by the length of time 
the subject could maintain workloads of one-third and two-thirds of 
maximum isometric strength at a particular position.
The twenty subjects were placed into four groups. Group A 
worked with one-third of their maximum strength, while group B's test 
of endurance utilized two-thirds of each individual's maximum strength. 
Both'Group A and B exercised in the presence of occluded circulation. 
Group C and D worked with one-third and two-thirds of their maximum 
strength, respectively, with open circulation. Pressure cuffs were 
placed around the arm of each subject in Group A and B and inflated to 
fifteen m.m. Hg. above the individual's systolic blood, pressure; this 
pressure was maintained throughout the endurance test.
The investigators found that the endurance times of Groups B 
and D were not statistically different. This perhaps would indicate 
that a load of two-thirds of maximum strength is sufficient to cause 
intramuscular occlusion. The authors suggested that the energy available 
for the contraction was available from the same intramuscular source. 
Groups A and C working at one-third of maximum strength with occluded
33
and open circulation were significantly different on their endurance 
scores in favor of the open circulation group. This indicated that 
while Group A did not have additional sources of energy, Group C with 
open circulation did and was not irritated by the accumulation of meta­
bolites. The authors concluded that where circulation is artificially 
occluded, the energy available for contraction is fixed; and the endur­
ance of the muscle is determined by the amount of work that must be per-
46
formed in a given time.
Royce investigated the fatigue curves of intact muscles of the
forearm with open and occluded blood circulation. No difference was
found between the shape of the two curves during the first fifty seconds,
indicating that no circulation had taken place in the arm up to that
point. During this period, it was found that the tension was sixty
per cent of maximum strength. It was also found that below the value
of sixty per cent of maximum strength, blood did circulate through the
non-occluded muscle. In the non-occluded muscle, the fatigue curve did
not indicate the continued sharp decline in fatigue that the occluded
47
muscle exhibited below sixty per cent of maximum strength.
Using the variable of occlusion and eight males between the 
ages of twenty-six and thirty-two years, Meyers and Sullivan studied 
the effects of circulatory occlusion on muscular fatigue during iso­
metric contraction. Unlike Start and Holmes, the emphasis on occlusion 
was placed on the non-exercising group as well as the exercising group.
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Four groups were formed each holding twenty-five per cent of a 
maximum contraction with the right arm in a neutral position between 
pronation and supination. Group I, the control group, held their iso­
metric contraction without occlusion until iatigue occurred. Group II 
exercised with proximal occlusion with the pressure cuff placed around 
the right axillary fold producing ischemia of the active muscle group. 
Group III had distal occlusion of the left inactive forearm. In each 
case, the cuff was inflated to 300 m.m. Hg.
An analysis of the results indicated that the control group
held the longest contraction. There was no significant difference of
endurance times between the two forearm occlusion groups. There was a
significant difference between the mean endurance times of the forearm
groups as a whole and the control group and between the right axillary
occlusion group and the forearm occlusion groups. The right and the
left distal occlusion endurance times were greater in length than those
for the proximal occlusion. However, the endurance times for the distal
occlusion group were shorter than those of the unoccluded control group.
The authors concluded that while occlusive restriction of blood supply
to an exercising muscle enhances the onset of fatigue, occlusion else-
48
where also results in rapid onset of fatigue.
Staunton, Taylor, and Donald tested five males and one female 
to compare changes in systemic arterial blood pressure and heart rate 
during hand grip strength at ten, twenty, and fifty per cent of a maxi­
mum hand grip contraction with and without complete vascular occlusion 
of the working arm. When occluded circulation was desired, the sphygmo­
manometer cuff was inflated to 240 m.m. Hg.
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The subjects held the tension of ten per cent of maximum strength
for five minutes. The contraction for the twenty per cent level was
held for three minutes, and the fifty per cent level was held for two
minutes. The results indicate that grip contraction with vascular
occlusion was associated with considerable increase in systemic blood
pressure. External occlusion increased the potentiated pressor response.
By occluding the non-working arm in two subjects for a period of twenty
49
minutes, it was found that blood pressure increased appreciably.
STUDIES CONCERNING STRENGTH DECREMENT 
FOLLOWING EXERCISE
Differences between pre- and post-exercise strength of exercised
muscles have been the focus of studies utilizing both the tensiometer
and the Kelso-Hellebrandt elbow flexion ergograph. E. S. Marks, as
reported by Clarke, indicated that while Mosso was observing voluntary
work in 1888, he became interested in ". . . . the manner in which we 
50
.fatigue.*' Mosso was perhaps one of the first to become interested in 
the fatigue of muscles.
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Maitz and Sinha obtained a series of fatigue coefficients 
using an ergographic method. The investigators found that individuals 
vary widely in their fatigue curves. The study was concerned with the 
proportionate decrement of work for a given period.
Clarke explored the hypothesis that an immediate effect of 
fatiguing muscles is a reduction of their contractile power. Male
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Staunton, Taylor, and Donald, op. cit., pp. 287-291.
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P. Maitz and C. R. N. Sinha, "Studies in Muscular Work 
by the Ergographic Method," Indian Journal of Psychology, I (1926),
48-52.
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college subjects exercised the elbow flexor muscles until exhaustion 
was reached on the Kelso-Hellebrandt Ergograph. The subjects exer­
cised once each week for six weeks with a workload of three-eights of 
the subjects' maximum elbow flexion strength.
Cable-tension strength tests were given before exercise, thirty 
seconds after exercise, and at other stated intervals. The experiment 
was divided into three phases with phase one constituting the first 
two weeks of the study. Since there was only limited training and 
practice by the subjects before taking the ergographic tests, the 
subjects were considered untrained.
The second phase utilized different subjects who had partici­
pated in four exhaustive exercise sessions prior to the actual testing; 
therefore, these subjects were considered trained as contrasted with 
the first phase subjects. Phase two lasted for three weeks. During 
the first week, subjects moved about the laboratory at will during the 
time'between tests. The second week involved walking around plus self 
massage of the arm between strength tests. During the third week, 
testing procedures specified that the subject remain in a supine posi­
tion at rest between the strength decrement tests. During the. third 
phase, strength tests were given to subjects for two hours following 
exhaustive exercise after which the subjects were permitted to move 
about and massage their arms.
The results from the investigation found a pronounced drop in 
strength after exercise with an initial rise in mean strength after two 
and one-half minutes of recovery. The trained subjects tended to return 
to a consistently higher strength level at the end of the test period 
than did the untrained subjects. More of the subjects regained their
37
pre-exercised strength when permitted to move about and massage their
52
arms than those not permitted this privilege.
Pastor studied both threshold muscular fatigue level from elbow 
flexion ergographic exercise and patterns of strength recovery. The 
workload was one-fourth of the maximum elbow flexor muscles' strength 
of each subject. Thirty-eight repetitions of fourteen degrees of work 
were performed. Elbow strength tests were given before each exercise 
bout and at the following times after exercise: thirty seconds, two 
and one-half minutes, seven and one-half minutes, twelve and one-half 
minutes, and seventeen and one-half minutes after exercise for exhaus­
tive testing.
Pastor found that when the repetitions were nine or more,
rather consistent and significant strength decrements were found; and
53
the recovery pattern was similar to that cited in Clarke's study.
Nelson studied the effects of applying various motivational 
situations to college men who exercised to exhaustion on the elbow 
flexion ergograph. Strength decrement and rate of strength recovery 
following exhaustive work were two effects evaluated.
Ten motivational situations were established by the researcher. 
The Kelso-Hellebrandt Ergograph was used for the exercising arm with a 
weight load of one-fourth of the subject's elbow flexor muscle 
strength, and a cadence of thirty-eight repetitions per minute was used.
52
H. Harrison Clarke, op. cit., pp. 90-96.
53
Paul J. Pastor, "Threshold Muscular Fatigue Level and 
Strength Decrement Recovery of Elbow Flexor Muscles Resulting From 
Varying Degrees of Muscular Work," (micro-carded dissertation, Uni­
versity of Oregon, 1958), pp. 24-68.
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Elbow flexion strength using a cable tensiometer was measured 
before exercise and prior to exposure to motivational situations. 
Post-exercise tests were repeated at thirty seconds, two and one-half 
minutes, and seven and one-half minutes after exercise.
The ten motivational groups used in the study were divided into 
low, moderate, and high group classifications based upon the cumula­
tive distance ergograph loads that were raised.
The results were as follows:
1. The low group had mean strength decrement indices ranging 
from 34.8 per cent to 37.7 per cent thirty seconds after 
exercise. After two and one-half minutes, mean strength 
decrement indices ranged from 17.4 per cent to 18.7 per
cent; after seven and one-half minutes, the mean range was
12.7 per cent to 13.2 per cent.
2. The high group had mean strength decrement indices varying 
from 42.4 per cent to 51.5 per cent thirty seconds after 
exercise. After two and one-half minutes, the mean 
strength decrement indices' range was 33.3 per cent to 39.6 
per cent. After seven and one-half minutes, the mean range 
was from 26.1 per cent to 30.9 per cent.
3. After thirty seconds of exercise, the moderate group had 
mean strength decrement indices of 42.7 per cent to 46.7 
per cent. The strength decrement indices' range for two 
and one-half minutes was 2.9.9 per cent to 36.9 per cent.
The seven and one-half minute mean strength decrement 
varied from 22 per cent to 27.2 per cent.
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The low and high groups each contained three motivational
situations, and the moderate group contained four motivational situa- 
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tions.
Clarke, a pioneer in strength decrement research, with asso­
ciates studied strength losses of selected muscles from a seven and 
one-half mile military pack carrying march. Thirty subjects partici­
pated in the studies under field conditions. The subjects* strength 
loss from marching with various loads carried in different positions 
on the body and in different army packs was investigated. The strength 
decrement for twelve muscle groups was measured. As a result of the 
repeated pack-carrying marches, the subjects' physical condition im­
proved. This improvement in physical conditioning was reflected in
55
lessened strength loss for the final marches.
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Clarke and others also conducted similar studies utilizing
strength decrements on various types of army boots and shoes used in 
military marches on pack carrying and physical fitness criteria.
David Clarke examined the rational pattern of fatigue and re­
covery for isotonic and isometric exercises. Using the California
Jack K. Nelson, "An Analysis of the Effects of Applying Various 
Motivational Situations to College Men Subjected to a Stressful Physical 
Performance," (micro-carded dissertation, University of Oregon, 1962), 
pp. 92-101.
^ H .  Harrison Clarke, Clayton T. Shay, and Donald K. Mathews, 
"Strength Decrements from Carrying Various Army Packs on Military 
Marches," Research Quarterly, XXVI (October, 1955), 253-265.
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California spring-loaded hand ergograph, fatigue was produced by two 
types of exercises. Dynamic work was induced by maximally contracting 
and relaxing the hand gripping muscle. There was one repetition every 
two seconds for six minutes with samplings of strength taken every thirt 
seconds. A single contraction held maximally for two minutes was also 
used as static work with samplings of strength taken at five-second 
intervals.
At the end of each session, the thirty male subjects were given
a maximal strength test. Post-exercise strength tests were given every
sixty seconds for ten minutes. From the findings, Clarke concluded that
58
static fatigue apparently lends itself to faster recovery.
Clarke, in an earlier study, measured the energy cost of iso­
metric exercise on twenty-four subjects. Closed circuit metabolism was 
measured during rest, during five minutes of exercise, and during re­
covery. During the first exercise, the subject held a fifty-pound 
weight by the hand with knees partially flexed. Following one-week 
intervals, a second and third test were given in the above manner. How­
ever, thirty-five pounds was used on the second test and twenty pounds 
on the third test.
Clarke found that as the weight increased, there was a linear 
increase in the size of oxygen income, oxygen debt, and total oxygen 
requirement. Clarke indicated that by comparing static and dynamic 
exercise there would be a significantly smaller oxygen income during
work. However, a larger oxygen debt would result from static work
, J 59when compared to dynamic work at proportional metabolic workloads.
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Davis studied the strength decrement indices as a result of a 
timed 200-yard swim. The muscle groups tested were shoulder flexion 
and extension, hip flexion and extension, and knee flexion and exten­
sion. Two trials in the swim were given. One trial was given to sub­
jects in an unconditioned state, and the final trial was given after 
five weeks of conditioning.
It was found that the differences between the strength decre­
ment index means on the two time trials were not significant. In ex­
plaining this finding, the author stated that the subjects swam all-out 
on both trials; therefore, approximately the same amount of muscular 
fatigue occurred each time. The subjects did improve their time by a
mean of 23.7 seconds on the second trial. Although the degree of muscu-
60
lar fatigue remained the same, the subjects were able to swim faster.
Fatigue was examined in the muscles of the trunk and lower ex­
tremities as a result of a ten-minute seven mile per hour treadmill run 
on a'horizontal plane. Clarke found significant strength decrements of 
the hip outward rotation and trunk flexor muscles. These two muscle 
groups were the only groups of fourteen to show a significant decrease 
in strength loss as a result of treadmill running.
Unlike Davis's study, the strength decrement effect was not 
constant, varying from individual to individual depending upon the per­
son's physical condition. As Clarke acknowledged, not all subjects were
^Jack F. Davis, "Effects of Training and Conditioning for 
Middle Distance Swimming Upon Measures of Cardiovascular Condition, 
General Physical Fitness, Gross Strength, Motor Fitness, and Strength 
of Involved Muscles," (Doctoral dissertation, University of Oregon,
1955), pp. 73-89.
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in a high state of fatigue as the treadmill run was set at a pre-
61
scribed speed and length of time.
A rather consistent finding has shown that the initial phase 
of strength recovery is very rapid as is the increase in blood circu­
lation. Two hand-gripping exercises were performed by twenty-nine 
subjects holding a maximal tension for thirty seconds. At the conclu­
sion of the gripping exercises a pressure cuff was placed around the 
exercised arm for three minutes. Single maximum contractions were exe­
cuted at stated intervals. At the conclusion of three minutes, the 
pressure cuff was released and strength readings were again recorded for 
the next ten minutes. The authors concluded that circulation restriction 
following exercise delayed muscular strength recovery. It was further
concluded that recovery was similar after both the release of blood re-
62
striction and release of the muscular tension.
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Clarke and Stelmach studied strength recovery from hand- 
gripping exercise bouts of thirty-six college males by immersing the 
exercised arm in water of forty-six degrees centigrade and ten degrees 
centigrade for ten minutes before and after exercise. It was found that 
recovery of strength was more rapid for heat while cold had a detrimental
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influence on strength recovery. Clarke, in a similar study, con­
cluded that localized application of hot or cold water did not appre­
ciably alter the recovery of strength following a static bout of 
holding a spring loaded hand ergograph maximally for two minutes.
Royce studied fatigue cxirves for forearm muscles during maxi­
mal static and dynamic work under conditions of hyperemia. The condi­
tion of hyperemia was produced by occluding circulation to the forearm 
muscles with an inflated pressure cuff and then suddenly releasing the 
cuff after a specified length of time. Either static or dynamic exer­
cise using a hand-dynamometer was performed following occlusion.
During the first half of either static or dynamic performance, signi­
ficant decrements of initial strength and work output occurred. A
plethysmograph used to measure forearm blood volume showed significant
65
increments during relative hyperemia.
SUMMARY OF RELATED LITERATURE
Section II of this chapter was concerned with studies related 
to the instruments and body positioning for the measuring of isometric 
elbow flexion strength. Seven studies that were reviewed utilized the 
tensiometer as the instrument selected to measure elbow flexion strength
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66
while the subject was in a supine position. One study employed an
isometric dynamometer handle with a strain gauge to measure elbow
67
flexion strength with the subject in a seated position. Four studies
specifically used a neutral position between pronation and supination
68
to measure elbow flexion strength. Three studies utilized an elbow
69
angle of 115 degrees, and two studies used elbow angles of ninety 
70
degrees. Elbow angles of 100 degrees, 130 degrees, and 150 degrees
71
were also used for some investigations.
Section III was related to studies concerned with various tech­
niques for measuring isometric endurance. Five studies measured mus­
cular endurance as the length of time an individual could maintain a
72
predetermined workload in a prescribed position. Four studies held
endurance time constant and measured the percentage of maximum tension
73
held as the measure of endurance. One study used repeated maximum
74
contractions as the measure of endurance.
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Section IV was concerned with studies investigating interrela­
tionships of isometric strength and endurance. Negative relationships 
were found to exist between muscular strength and muscular endurance 
in six s t u d i e s . T w o  studies found that no significant difference
existed between different strength groups on measures of relative en- 
76
durance. However, five studies concluded that the weaker subjects
at particular work levels performed better than the stronger subjects
in tests of relative muscular endurance. Two studies concluded that
practically no relationship existed between muscular strength and en- 
78
durance.
It was found by one investigation that a negative correlation
79
existed between isometric endurance and muscular load. Individuals 
representing three different levels of athletic achievement were re­
ported in one study as not being significantly different on measures
80
of relative isometric endurance. One study investigating the rela­
tive' endurance of males and females found that no differences existed
81
between the two sexes. Utilizing a training period, one study found
that no difference existed between maximal strength held by low and high
82
level strength groups following a training program.
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Section V reviewed studies researching blood flow during iso­
metric contractions. The literature indicated that a muscle would be­
come ischemic during strong contractions, and a maximal contraction was
83
not accompanied by hyperemia until relaxation occurred. At least two
studies acknowledged that ischemia whether complete or only partial
84
occurred during continuous contraction.
One study investigating intramuscular occlusion suggested that
a load of two-thirds maximum strength was sufficient to cause intra-
85
muscular occlusion. Another study indicated that above the value of
sixty per cent of maximum strength, blood does not circulate in the non- 
86
occluded muscle. One study found that occlusion of the non-exercising
muscle resulted in rapid onset of fatigue of the non-occluded exercising 
87
arm. One study concluded that grip contraction with vascular occlu­
sion was associated with considerable increase in systemic blood pressure.
Section VI reviewed studies that dealt with strength decrement 
following exercise. Two studies found that a pronounced drop in strength
occurred following exercise with an initial rise in mean strength after
89
a short recovery period. One study found that strength decrement
90
varied according to different motivational situations. Other studies
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have found that as the subject's physical condition improved, strength
91
decrement was not as great for a given activity. One study found
92
that static fatigue effected a faster recovery, while a similar in­
vestigation indicated that a larger oxygen debt resulted from static
work than from dynamic work for the same proportional metabolic work- 
93
load. Another study found that differences between strength decrement 
indices taken from subjects performing distant swimming first in an un-
94
conditioned state and later in a conditioned state were not significant.
One study concluded that strength decrement would vary from individual to
95
individual depending upon the person s physical condition. It was
found in one study that circulation restriction following exercise de-
96
layed muscular strength recovery. Another study found that strength
recovery was more rapid for conditions of arm immersion in hot water
97
than for conditions of arm immersion in cold water. However in an­
other study, it was concluded that hot or cold water did not appreciably
98
alter the recovery of strength. Another study indicated that during
the initial phase of either static or dynamic performance significant
99
decrements of initial strength occurred.
91Clarke, Shay, and Mathews (55), (56); Mathews, Shay, and
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CHAPTER III
PROCEDURE OF THE STUDY 
OVERVIEW
Sixty adult males served as subjects. The subjects were selec­
ted and assigned to one of two strength groups based upon military press 
strength scores. The high muscular strength group consisted of subjects 
who could isometrically military press ninety per cent of their body 
weight, and the low muscular strength group subjects were those who 
could not isometrically press sixty per cent of their body weight.
Both groups contained thirty subjects.
All subjects underwent a two-day familiarity program which in­
cluded practice with all of the instruments and testing procedures uti­
lized in the study. The sixty subjects were tested on measures of iso­
metric muscular strength of the right elbow flexors with a cable tensi- 
ometer utilizing a ninety-degree elbow angle. Each of the subjects in 
the two strength groups also performed relative isometric endurance 
tests using the right elbow flexors with an elbow angle of ninety degrees 
following a counterbalanced schedule of four experimental conditions.
The experimental conditions were as follows. Experimental Condition One 
(a workload of thirty per cent of maximal isometric strength with non­
occluded blood circulation); Experimental Condition Two (a workload of 
thirty per cent of maximal isometric strength with occluded circulation);
Experimental Condition Three (a workload of sixty per cent of maximal
48
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isometric strength with non-occluded blood circulation); Experimental 
Condition Four (a workload of sixty per cent of maximal isometric 
strength with occluded blood circulation). Following exercise, strength 
decrement measures were taken at thirty-second, two and one-half-minute, 
and four and one-half-minute intervals. Measures of isometric strength, 
relative isometric endurance, and strength decrement were taken at each 
of the testing sessions. Three isometric strength tests utilizing the 
tensiometer preceded each test of relative isometric endurance that was 
given. Specific individuals received retests on isometric strength 
measures, relative isometric endurance, and strength decrement indices 
measures to determine the reliability coefficients of the testing pro­
cedures .
All the subjects were tested in an identical manner. The ini­
tial phase of testing encompassed six testing sessions. Four testing 
sessions were required to complete the readministration phase. Both 
phases combined required a total of ten days to administer. Each 
testing session required approximately fifteen minutes to complete.
SELECTION OF SUBJECTS
Subjects for the study were males with a mean age of twenty 
from the Baton Rouge campus of Louisiana State University and from the 
Better Health Studio of Baton Rouge, Louisiana. Hie available qualified 
subjects had been depleted at Louisiana State University, and additional 
subjects to complete the high strength group were obtained from the 
above health studio. The investigator met with potential subjects to 
discuss their participation and to furnish information about the study. 
Such items as the study's importance, the number of testing days involved,
50
and the length of each testing session were explained. At the conclu­
sion of the meeting, men who were interested volunteered to participate 
in the study.
GROUPING OF SUBJECTS
The subjects were placed into one of two groups. Because the 
investigator was concerned with examining subjects demonstrating acknowl­
edged differences in strength, those subjects who could only isometri­
cally press sixty per cent or less of their body weight and only those
subjects who could press ninety per cent or more of their body weight
1
were utilized in the study. Berger concluded from a study of 174 male
college students that homogeneous groups in strength can be formed ini-
2
tially on the basis of the military press. Rasch investigated twenty- 
four subjects and suggested, after comparing isometric and isotonic 
strength scores, that measurements of isometric strength techniques are 
valid as measures of isotonic strength. All subjects initially tested 
were not utilized in the study. The Iso-Meton Exerciser was the instru­
ment used in the classification procedures. Group I consisted of those 
subjects who could isometrically press ninety per cent or more of their 
body weight. Group II consisted of those subjects who could isometri­
cally press sixty per cent or less of their weight.
Although both strength groups were initially classified by the
Iso-Meton Exerciser in an effort to form two extreme strength groups, a
^Richard A. Berger, "Classification of Students on the Basis 
of Strength," Research Quarterly, XXXIV (December, 1963), 514.
2
Philip J. Rasch, "Relationship Between Maximum Isometric Ten­
sion and Isotonic Elbow Flexion," Research Quarterly, XXVIII (March, 
1957), 85.
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statistical comparison of right elbow flexion strength of the two groups 
was made from randomly selected elbow flexion strength scores measured 
by the tensiometer. A _t-ratio of 12.9 (Appendix I) was obtained when 
the two strength groups were compared. Thia t^-ratio was significant at 
the .01 level of probability indicating a significant statistical dif­
ference between the two strength groups on measures of elbow flexion 
strength in favor of the high strength group.
STRENGTH CLASSIFICATION PROCEDURE
In an effort to classify students according to strength as 
measured by the Iso-Meton Exerciser*, the subjects were given two sub- 
maximal exertions and then were asked to give a maximum effort. A 
second maximum effort was given after one minute of rest to insure that 
an accurate reading had been recorded.
The steps for the isometric military press were as follows:
1. The subject assumed a standing position with feet shoulder 
width apart (Figure 1).
2. The Iso-Meton Exercise bar was raised to the subject's 
eyebrow level (Figure 1).
3. The subject grasped the Iso-Meton bar with the hands (the 
knuckles facing the subject) at shoulder width (Figure 1).
4. The subject pressed upward on the bar attempting to 
straighten the arms (Figure 1).
5. The feet were kept flat so that the body was not permitted 
to be used in the lift.
Manufactured by H and M of Liberal Inc., Liberal, Kansas.
52
Figure 1
Iso-Meton Exerciser Including the Subject's 
Position for the Isometric 
Military Press
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6. The pounds of force were recorded from the scale on the 
Iso-Meton Exerciser.
As stated earlier, the subjects were classified according to 
the scores on this test. Many persons who were tested did not qualify 
to serve as subjects in the study.
TESTING AND MEASUREMENT APPARATUS
Testing Table - A custom-manufactured table (Figure 2) de­
signed for use in isometric testing was utilized in the study. The 
table was 2' 8" wide, 6' 7" in length, and 3' in height. The base 
of support at one end of the testing table extended beyond the verti­
cal legs of the table. This allowed for other types of testing equip­
ment to be secured to the end of the table for temporary test utiliza­
tion.
Adjustable Stool - A stool with an adjustable seat height was 
used to compensate for the various sitting heights of the subjects.
The stool adjusted from a height of twelve inches to thirty inches.
Cable Tensiometer - A No. 1 cable tensiometer ** (Figure 3) 
measuring 4" x 4" x 1 1/4" was used for measuring isometric strength 
of the subjects in the study. The tension exerted upon a one-sixteenth- 
inch cable was measured by the tensiometer. A riser that projected 
from the tensiometer was depressed in proportion to the amount of 
pressure exerted on it by the cable. An indicator on the face of the 
tensiometer rotated as a result of the depression of the riser. Along 
with the indicator, a maximum pointer rotated and remained at the point
^Manufactured by the Pacific Scientific Company, Bell Gardens, 
California.
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Figure 2
Strength and Endurance Testing Apparatus
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Figure 3
Strength-Testing Equipment, Including the Tensiometer, 
Adjustable Canvas Strap With D-Ring and S-Hook, 
Cable With Loops, and Linked Chain
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of maximum exertion. The tensiometer was calibrated at the beginning of
and midway through the study by using known weights placed on a weight
tray to insure its accuracy.
3
Hower explained the principle governing cable tension tests 
as the contractile force of a contracting muscle group transferred 
through a body lever developed by the body segment. This contractile 
force is transferred to a cable in terms of increased tension on the 
cable. The score then is read in tensiometer units.
Isometric Strength Pulling Assembly - The isometric strength 
pulling assembly was composed of a fourteen-inch airplane cable one- 
sixteenth of an inch in diameter. The one-sixteenth-inch cable had 
one-inch loops at each end. One end of the cable was fastened securely 
to a linked chain. The other end of the cable could be fastened to a 
canvas wrist strap by use of an S-Hook. The adjustable chain links 
could be attached to an eye-hook depending upon the desired length of 
the pulling assembly. (Figure 3).
Isometric Endurance Pulling Assembly - The isometric endurance 
pulling assembly was composed of a six-foot airplane cable one-sixteenth 
of an inch in diameter. An eight-inch link chain was attached to one 
end of the cable which provided a connection to a weight tray. The 
remaining end of the cable was provided with a one-inch loop that could 
be attached to a canvas wrist strap.
Canvas Strap - An adjustable canvas strap (Figure 3) with a 
D-ring was used to place around the right wrist of the subject. This 
same device enabled both the isometric strength and the isometric en-
3
Marjorie A. Hower, "A Comparison of Maximal Effort, Isometric 
Muscular Contractions Against Two Types of Resistance," (micro-carded 
dissertation, University of Oregon, December, 1964), pp. 11-12.
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durance cable assemblies to be attached to the subject's wrist. An 
S-Hook was secured to the D-ring of the canvas strap to provide for 
proper attachment of the pulling assemblies.
Pressure Cuff and Aneroid*** - A Tycos Hook Cuff and Tycos 
Aneroid were utilized to secure and maintain a particular level of 
artificial blood occlusion for the muscle group being tested. See 
Figure 4.
Goniometer**** - An International Standard #238 goniometer 
was used to insure that proper elbow flexion angle was obtained for 
each subject for both the muscular strength and muscular endurance 
measures.
Strength Measurement Attachment Apparatus - A vertical appara­
tus (2" x 4" x 5') made of wood was mounted against one end of the 
testing table. The apparatus was held stable by a two-inch diameter 
rod attached to the horizontal base support of the testing table. A 
five-sixteenths-inch eye hook attached to the up-right portion was lo­
cated at a height of 11.75 inches from the top of the testing table.
The investigator measured the length of the forearm from the elbow to 
the wrist of thirty subjects to establish a mean wrist height for the 
subjects. This height provided the least amount of angle over the dis­
tance between the wrist attachment and eye-hook attachment giving each 
subject approximately the same angle of pull during the testing pro­
cedures .
***Manufactured by Taylor Instrument Companies, Ashville,
North Carolina.
****Manufactured by Orthopedic Equipment Company, Bourbon,
Indiana.
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Figure 4 
Pressure Cuff and Aneroid
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At the same height, but three-sixteenths of an inch from the 
eye hook, a five-sixteenth-inch hole was drilled through the testing 
apparatus. A one-half inch pulley was attached from the top portion 
of an "L" bracket and secured to the top portion of the vertical test­
ing apparatus. The pulley was adjusted to correspond with the 11.75 
inch height of the opening already made in the up-right apparatus. A 
cable passed through the opening in the apparatus and over the pulley 
permitting the attachment of a weight tray whose force pull would be at 
right angles to the floor surface. (Figure 2).
Weight Tray - A one-quarter-inch aluminum tray fourteen inches 
by fourteen inches (Figure 5) was attached by an eight-inch link chain 
to the. isometric endurance cable. The chain links were used to adjust 
the height of the weight tray to accommodate individuals with different 
forearm lengths. S-Hooks enabled the proper adjustments to be made with 
the chain links. The weight tray was enclosed by four one-inch metal 
channels which allowed a maximum of one inch of vertical movement and 
no horizontal movement of the weight tray. A push button attached to 
a Delcan Performance Analyzer***** (Figure 6) disconnected the timing 
device when the weight tray passed below a designated level. This in­
sured consistency in the termination of each endurance test.
Elbow Base Supports - A plywood base support of one-fourth inch, 
one-half inch, or three-fourths inch was placed under a subject's elbow 
to adjust the angle of pull against the apparatus. A number of adjust­
ment combinations could be made to refine the angle of pull of the 
forearm with the testing apparatus.
*****Manufactured by Dekan Timing Devices, Glen Ellyn, Illinois.
Figure 5
Aluminum Weight Tray Including Metal 
Restriction Channels, and 
Endurance Pulling 
Assembly
Figure 6
Dekan Performance Analyzer Used to 
Record Holding Time Scores
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Stop Watches - Stop wtaches were used to verify the endurance 
time recorded by the Dekan Analyzer and to record recovery time follow­
ing the endurance testing.
Iso-i.ieton Exerciser - A device useu to measure isometric mili­
tary press strength. (Figure 1).
Mirror - A portable floor length panel mirror was used to allow 
visual contact with the weight tray during endurance testing.
Weight Plates - Weighted plates placed on the weight tray 
ranging from one-fourth pound to twenty-five pounds were used to insure 
proper poundage for each individual subject during the endurance per­
formance .
PROCEDURE FOR TESTING ISOMETRIC STRENGTH
Elbow flexion strength was measured for each subject through 
the use of a cable tensiometer. A number of parameters had to be con­
sidered in the designing of the following equipment and determining 
correct body placement. Movement had to be limited to flexion of the 
right arm. The positioning of the subject had to be the same for both 
the strength and relative endurance tests. The position utilized also 
had to accommodate individuals of different height. The following pro­
cedures were employed in the isometric strength testing phase:
1. The subjects were seated on an adjustable stool at the end 
of the testing table opposite the isometric testing appara­
tus .
2. The stool was then adjusted to allow the subject to place 
the right arm on the testing table with the proximal right 
lateral portion of the trunk resting firmly against the 
testing table.
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3. A canvas wrist strap with a D-ring and S-hook attachment 
was placed around the right wrist and fastened securely 
by a sliding canvas loop.
4. The subject then flexed the rirht arm to a position that 
approximated a ninety-degree angle between the arm and fore­
arm at the elbow.
5. The right hand was then adjusted to a mid position between
4 5
pronation and supination. Downer and Provins and Salter
concluded that the position midway between supination and 
pronation gave more consistent readings than either the po­
sition of complete supination or pronation. It was explained 
that the flexor muscles and pronator teres were more effi­
cient with the forearm in the mid-position.
6. The one-sixteenth-inch cable of the isometric strength 
pulling assembly was then attached to the canvas wrist 
strap.
7. The investigator measured the angle at the elbow with a 
goniometer to precisely adjust the elbow angle to ninety 
degrees.
8. The subject then held the arm rigid while the remaining 
end of the isometric strength pulling assembly was made 
taut and fastened by adjustable chain links to an eye- 
hook on the testing apparatus.
4
A. H. Downer, "Strength of the Elbow Flexor Muscles," Physical 
Therapy Review, XXXIII (1953), 68-70.
^K. A. Provins and N. Salter, "Maximum Torque Exerted About 
the Elbow Joint," Journal of Applied Physiology, VII (1955), 393-398.
9. Having completed the attachment, a recheck was made with 
the goniometer to verify the ninety-degree angle. The 
color of the chain link attached to the eye-hook was re­
corded on the personal data sheet so as to facilitate future 
testing.
10. While the isometric strength pulling assembly was being held 
in a semi-taut position, the investigator measured the dis­
tance between the wrist attachment and the top of testing 
table to determine if the distance was approximately equal 
to the distance between the testing table and the eye-hook 
attachment. This procedure was necessary to insure that 
both ends of the pulling assembly were in fact pulling at 
right angles to one another. Adjustments were made by 
adding additional base height under the upper arm of one- 
fourth, one-half, or three-fourths-inch plywood or any com­
bination of the three necessary. The additional base support 
was recorded on the personal data sheet for future testing
by the subject thus eliminating future measurement.
11. The subject was evaluated to insure that the back was 
straight and that the anterior lateral surface of the clavi­
cle was in alignment with the elbow, forearm, and pulling 
assembly which was attached to the eye-hook. The investi­
gator again checked to verify that the subject's right lat­
eral portion of the trunk was placed firmly against the 
testing table.
12. The left hand was placed by the left side of the body per­
pendicular to the floor. The feet were placed in.front of
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the subject with the knees flexed at a ninety-degree 
angle.
13. The investigator placed the tensiometer on the one- 
sixteenth -inch cable and held the tensiometer secure with 
his left hand. The right hand was used to stabilize the 
subject's arm by grasping the elbow with the thumb and 
fingers. This helped to eliminate any lateral movement of 
the elbow and any tendency to lift the elbow from the test­
ing table.
14. The subject was then asked to pull steadily until a maximum 
effort was reached. A maximum time span of five seconds was
x used to standardize the length of exertion. The investiga­
tor clearly observed the subject during the exertion to de­
tect if the body was being brought into the pull. Three 
trials with a one-minute intervening rest period between 
trials were given during each testing session. After each 
trial the subject was told his score. The subject was asked 
to exert maximum effort. The mean of the three measures was 
recorded in tensiometer units as the maximum strength for 
that testing session. Isometric strength measurements were 
taken before each endurance test during each testing session. 
Figure 7 shows the isometric strength testing position.
The reliability coefficients for isometric elbow flexion strength 
using test-retest correlations for the high strength group, the low 
strength group, and the combined estimates for both groups were .88,
.93, and .98 respectively (Appendix J). These coefficients of relia-
Figure 7
Isometric Strength Testing Position
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bility were of sufficient magnitude to warrant that the isometric elbow 
flexion strength scores were reliable.
ISOMETRIC ENDURANCE TESTING PROCEDURES
The following procedures were used for isometric endurance
testing:
1. The subject rested two minutes between the final isometric 
strength test and the isometric endurance test. During this 
period, the subject remained seated at the testing table.
By completing the strength test and endurance test as one 
cycle for each subject, the duplication of procedures was 
eliminated.
2. At the completion of the two-minute rest period, the subject 
replaced the right arm on the testing table. If additional 
elbow supports were used during isometric strength testing, 
they remained for the isometric endurance testing.
3. The proximal right lateral portion of the trunk was rested 
firmly against the testing table by adjusting the position 
of the stool.
4. The same canvas wrist strap with a D-ring and S-hook used 
in the isometric strength testing was placed around the 
right wrist and fastened securely by a sliding canvas loop.
5. The subject then flexed the right arm to a position that 
approximated a ninety-degree angle between the arm and 
forearm.
6. The right hand was then adjusted to a mid-pronated, mid- 
supinated position.
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7. The isometric endurance pulling assembly without the weight 
tray was attached to the canvas wrist strap.
8. The weight tray was placed against the restriction channels 
and then attached to the isometric endurance pulling cable 
by adjustable chain links. The chain link attachment on 
the weight tray allowed for various adjustments according 
to the arm length variations of the subjects being tested.
9. The subject was asked to hold the weight tray against the 
metal restriction channels to allow verification of the 
ninety-degree angle at the elbow. The number of the chain 
link that was used to attach the weight tray was recorded
on the personal data sheet for future testing of the subject.
10. There was no need to recheck the height of the wrist attach­
ment as this remained the same as during the isometric 
strength testing.
11. The subject was evaluated while holding the weight tray 
against the metal restriction channels to insure that the 
back was straight and to ascertain that the anterior lateral 
surface of the clavicle, elbow, and forearm was in alignment 
with one another as well as with the endurance pulling as­
sembly. The right lateral portion of the trunk was re­
checked to verify its placement against the testing table.
12. The left arm was placed by the left side, and the feet were 
placed on the floor in a similar position to that of the 
isometric strength testing procedures.
13. The subject relaxed the forearm allowing the weight tray to 
rest on the base support. The prescribed weight of either
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thirty or sixty per cent of the subject's maximum isometric 
strength was placed on the weight tray.
14. The Tycos Hook Cuff was placed around the upper right arm 
of the subject, and at the command of the investigator, the 
weight tray was lifted off its base of support to a posi­
tion close to the one-inch high restriction channel stops. 
Simultaneously, the pressure cuff was inflated to 220 m.m.Hg., 
and a timing clock was started. The 220 m.m. Hg. was main­
tained throughout the performance. Two of the experimental 
conditions did not require the use of the pressure cuff thus 
eliminating the above procedures concerned with the place­
ment and inflation of the Tycos Hook Cuff. The remaining 
procedures were identical. The weight tray was observed 
through a mirror by the subject to determine where it was
in relation to the base of support and restriction channels. 
The subject's endurance time was read aloud every fifteen 
seconds. The subject attempted to maintain the weight tray 
off the base of support until exhaustion and was encouraged 
to keep the weight tray in a single position with a steady 
pull between the channel stops and the base support for the 
weight tray.
15. The endurance test was concluded when fatigue forced the 
forearm to lower the weight tray to a position that would 
depress a switch stopping the electrical timing device. The 
push-button switch insured that the same position of the 
weight tray terminated the endurance performance for all 
subjects.
16. The pressure cuff, if used, was released immediately fol­
lowing the conclusion of the isometric endurance perform­
ance. The isometric endurance pulling assembly attached 
to the wrist strap was released.
17. The subject's arm remained on the testing table in a re­
laxed and extended position. The subject did not massage
the arm or move the fingers of the tested hand in any way.
While the subject was resting, the investigator recorded the 
endurance holding time in seconds on the subject's data sheet. The 
investigator then attached the isometric strength pulling assembly and 
prepared the subject for strength decrement measurement procedures.
Four endurance tests were given on four different days to each 
subject. The tests were counterbalanced to eliminate any effects of 
practice or training resulting from the tests. The endurance tests con­
sisted of workloads of either thirty or sixty per cent of the maximum
isometric strength in the presence of non-occluded or occluded blood 
circulation. Figure 8 shows the endurance, testing position utilizing 
the pressure cuff.
The test-retest coefficients between the first and second admin­
istration for the relative endurance tests which were separated by four 
testing sessions ranged from a low of .76 to a high of .97 for each of 
four experimental conditions. Appendix K shows the estimates of relia­
bility tests for relative isometric endurance.
STRENGTH DECREMENT PROCEDURES
Post-exercise strength was taken at three intervals following 
the isometric endurance test. These intervals were thirty seconds, two
Figure 8
Isometric Endurance Testing Position With 
the Pressure Cuff Attached 
to the Exercising Arm
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and one-half minutes, and four and one-half minutes following the con­
clusion of the endurance test. Only one maximum effort was made for 
each of the three recovery intervals.
The positioning procedures were the same as those described 
earlier for isometric strength testing (p. 62). The subjects relaxed 
the forearm in an extended position on the testing table between the 
recovery intervals for the strength decrement testing. The strength 
scores were recorded in tensiometer units on the personal data sheet 
between testing intervals for each subject. Strength decrement indices 
were computed by the Strength Decrement Index formula as given on page 10. 
As shown in Appendix L, estimates of reliability for the three strength 
decrement indices following the three recovery periods during each of 
the four experimental conditions are given. The reliability coeffi­
cients ranged from a low of .12 to a high of .75.
FAMILIARITY PROCEDURE
It has often been expressed by many authorities that an indi­
vidual's performance is often inhibited when he is introduced to a new 
task. A familiarization with the entire testing procedures was deemed 
necessary to enhance the preciseness of the data collected.
An orientation period of two days was provided for each subject 
to help eliminate any inhibitions that the subject might exhibit which 
could reduce a maximum performance. This period also allowed the sub­
ject to discover the "feel" of the testing procedures.
The procedures that were adhered to during the familiarization 
period were as follows:
Upon reporting to the testing lab, the subject was given 
a personal data sheet (Appendix B) on which the subject 
printed his name, age, and year in college. The nature 
of the study and the definitions of the two measurements 
of primary concern in the study were explained.
The investigator demonstrated the isometric strength test­
ing procedure using the tensiometer (p. 62). Questions 
about the procedures were answered. Throughout the orien­
tation procedure, personal concern was emphasized to en­
courage rapport and cooperation.
The subject then assumed the isometric strength testing 
position. Strict adherence to the strength testing pro­
cedures was followed. Although more than one subject might 
have been in the research laboratory during the familiariza­
tion period, it was explained that during the actual test 
only the person taking the test would be with the investi­
gator in the laboratory.
The subject was asked to give a submaximal pull to familiar­
ize himself with the feeling of the test instrument and 
testing position. Two more such pulls were executed.
The subject was then instructed to give a steady maximum 
exertion while maintaining proper testing form. Two more 
maximum exertions were given with a one-minute rest inter­
val between each exertion.
A five-minute rest was given, and three more maximum 
exertions were then performed as described in Step 5.
Six maximum strength measures were recorded on the first 
day. Proper form and execution of the strength testing 
procedure was encouraged.
Second Day
1. The subject was asked to execute the same sequence of three 
maximum strength exertions as performed on the first day.
2. The isometric endurance testing procedures (p. 67) were 
demonstrated. Questions were encouraged.
3. The subject assumed the isometric endurance testing posi­
tion and followed the isometric endurance testing procedures.
4. The subject then performed another sequence of three maximum 
isometric strength tests followed by an isometric endurance 
test in which a ten-pound weight was placed on the weight 
tray and the subject held the weight tray for a one-minute 
to one-minute and fifteen-second duration without occluded 
blood circulation.
5. At the conclusion of the endurance testing, the strength 
decrement procedures (p. 70) were followed for the first 
decrement level.
6. After a two-minute rest period, the subject was asked to 
execute the entire testing procedure of an isometric strength 
test, isometric endurance test, and one strength decrement 
test. The only deviation from the previous procedures was 
the use of a set workload on the weight tray of fifteen 
pounds. The fifteen-pound workload was held between one 
minute and one minute and fifteen seconds with artificially
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occluded blood circulation. The order of the endurance 
tests were counterbalanced for each subject.
7. Strength decrement was taken for the first recovery level 
after both endurance tests. Complete strength decrement 
interval measurements were not made since strength decre­
ment procedures would not differ for the remaining two re­
covery intervals.
ADMINISTRATION PROCEDURES FOR THE RELATIVE ISOMETRIC 
ENDURANCE PERFORMANCE TASK AND STRENGTH 
DECREMENT INDICES IN THE FOUR 
EXPERIMENTAL CONDITIONS
Pre-Performance Period
At the beginning of each daily testing session the subject was 
given three maximum isometric strength tests with the tensiometer using 
the right elbow flexors. The mean of the three isometric strength 
trials was used as the basis for the percentage weightload factor for 
the relative endurance performance that followed. The sequence in which 
each subject was to perform the endurance performance was counter­
balanced. The experimental conditions were as follows:
Experimental Condition Number One 
(workload of thirty per cent and 
non-occluded blood circulation)
The subject executed the relative isometric endurance perform­
ance to exhaustion with a workload of thirty per cent of his maximum
I
isometric strength without the blood being artificially occluded to the 
exercised muscle. Isometric strength measures were taken thirty seconds, 
two and one-half minutes, and four and one-half minutes after the endur­
ance performance to determine the strength decrement indices.
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Experimental Condition Number Two 
(workload of thirty per cent and 
occluded blood circulation)
The subject executed the relative isometric endurance perform­
ance to exhaustion with a workload of thirty per cent of his maximum 
isometric strength with the blood being artificially occluded to the 
exercised muscle. As the endurance performance began, a pressure cuff 
fitted around the exercising arm was inflated to 220 m.m. Hg. to occlude 
blood circulation during the performance. At the conclusion of the en­
durance performance, the pressure cuff was released. Isometric strength 
measures were then taken thirty seconds, two and one-half minutes, and 
four and one-half minutes after the endurance performance to determine 
strength decrement indices.
Experimental Condition Number Three 
(workload of sixty per cent and 
non-occluded blood circulation)
The subject executed the relative isometric endurance perform­
ance to exhaustion with a workload of sixty per cent of his maximum 
isometric strength without the blood being artificially occluded to the 
exercised muscle. Isometric strength measures were taken thirty seconds, 
two and one-half minutes, and four and one-half minutes after the endur­
ance performance to determine the strength decrement indices.
Experimental Condition Number Four 
(workload of sixty per cent and 
occluded blood circulation)
The subject executed the relative isometric endurance perform­
ance to exhaustion with a workload of sixty per cent of his maximum 
isometric strength with the blood being artificially occluded to the 
exercised muscle. As the endurance performance began, a pressure cuff
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fitted around the exercising arm was inflated to 220 m.m. Hg. to occlude 
blood circulation during the performance. At the conclusion of the en­
durance performance, the pressure cuff was released. Isometric strength 
measures were then taken thirty seconds, two and one-half minutes, and 
four and one-half minutes after the endurance performance to determine 
strength decrement indices.
PILOT STUDY
A pilot study was conducted during the spring and summer semes­
ters of 1970 at Louisiana State University, Baton Rouge, Louisiana. 
Sixteen male college subjects were tested on the measurements of iso­
metric strength and relative isometric endurance performances. The 
purpose of the pilot study was two-fold; (1) to perfect and refine the 
administrative procedures for the tests to be utilized in the study, 
and (2) to determine if there was a large difference between the elbow 
flex-ion strength measures for the two groups classified according to 
strength exhibited for the military press.
Isometric Strength Testing
The investigator utilized four different methods for testing 
elbow flexion strength before selecting the described testing position 
(p. 62) on the basis of reliability coefficients and administrative 
feasibility. Using sixteen subjects, a reliability coefficient of .93 
was found for the isometric strength testing procedure. Following the 
pilot study, it was decided to eliminate any subjects whose isometric 
strength measures showed a variation of over four tensiometer units 
from one testing session to another. It was felt that a variation of
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this degree would alter the precision of the endurance performance which 
was directly dependent upon the isometric strength measurement.
Isometric Endurance Testing
It was found that the isometric strength measurement position 
adapted adequately for use during the isometric endurance testing phase. 
It had originally been planned by the investigator to use a workload of 
eighty per cent of maximum isometric strength in addition to the other 
percentage workload levels. However, the investigator found that a 
workload of eighty per cent of maximum isometric strength so closely 
approached maximum exertion that the subjects' endurance holding times 
were almost immeasurable. It was decided to employ workloads of thirty 
and sixty per cent of maximum isometric strength.
Strength Group Classification Procedures
It was decided from the pilot study to form strength groups on 
the .basis of those individuals who could not military press as much as 
sixty per cent of their body weight and those who could military press 
ninety per cent or more of their body weight. This grouping resulted 
in large differences for elbow flexion strength between the two groups.
STATISTICAL ANALYSIS
The data used in the statistical analysis in this study were 
derived from isometric strength scores, relative isometric endurance 
holding time scores, and strength decrement indices. The isometric 
strength scores were measured prior to the relative isometric endur­
ance performance executed under each of the four designated experimental 
conditions. The relative isometric endurance task represented the 
length of time the performance could be correctly maintained in each
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of the four experimental conditions. The strength decrement indices 
represented the strength loss following each relative endurance per­
formance .
A completely randomized two-by-two split plot factorial analysis 
of variance was used to investigate the difference between the strength 
groups, the difference between workloads of thirty or sixty per cent 
of maximum isometric strength, and the difference between the presence 
of non-occluded or occluded blood circulation and the interaction of 
these three levels on relative endurance performance. To determine if 
selected percentage of muscular strength produced intramuscular occlu­
sion, analysis of the interaction of blood circulation and workloads 
upon relative endurance performance was made from the above two-by- 
two split plot design.
A completely randomized two-by-two-by-three split plot factorial 
analysis of variance was used to investigate the difference between 
strength groups, the difference between workloads of thirty or sixty 
per cent of maximum isometric strength, the difference between presence 
of non-occluded or occluded blood circulation and recovery intervals of 
thirty seconds, two and one-half minutes, or four and one-half minutes 
and the interaction of these four levels on strength decrement indices.
To statistically acknowledge that a significant difference 
existed between the mean isometric strength scores for the two strength 
groups, a t-test was employed utilizing the randomly selected subjects' 
isometric strength measures used in the isometric strength reliability 
correlations.
Correlations were computed to estimate reliability coefficients 
for the isometric strength scores, relative isometric endurance per-
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formance holding time scores, and strength decrement indices. Initial 
and retest isometric strength measures were randomly selected from one 
of the four experimental conditions for alternating subjects. Relative 
isometric endurance holding time scores and strength decrement indices 
correlations were computed for alternating subjects. These correlations 
were tested against the null hypothesis at the .01 level of probability.
i
CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA
The first analysis of data utilized endurance holding times to 
denote the degree of the differences for the following comparisons: 
levels of A, high strength and low strength groups; levels of B, non- 
occluded blood circulation and occluded blood circulation; levels of C, 
workloads of thirty and sixty per cent of maximum isometric strength; 
and the interaction of these variables.
The design was a completely randomized two-by-two split plot 
factorial analysis of variance. The main plot comprised strength groups 
(high and low) with thirty subjects in each main plot. Two types of 
blood circulation and two different workloads constituted the split plot 
which was a two-by-two factorial analysis of variance.
The second analysis of data utilized strength decrement indices 
to denote the extent of the differences for the following comparisons: 
levels of A, high and low strength groups; levels of B, non-occluded 
blood circulation and occluded blood circulation; levels of C, workloads 
of thirty and sixty per cent of maximum isometric strength; levels of D, 
recovery intervals of thirty seconds, two and one-half minutes, and four 
and one-half minutes; and the interaction of these variables.
This design also was a split plot of thirty subjects per whole 
plot. The split plot contained a two-by-two-by-three factorial analysis
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of variance with two levels of circulation conditions, two levels of 
workloads, and three levels of recovery intervals.
ANALYSIS OF THE EFFECTS OF THE FOUR EXPERIMENTAL 
CONDITIONS UPON ENDURANCE HOLDING TIME SCORES
The analysis of variance of the performance time scores for the 
sixty subjects classified as possessing either high strength or low 
strength who executed the endurance performance tasks under the four 
experimental conditions is shown in Table I. Appendix G shows the mean 
differences for the comparisons that were made in the analysis of vari­
ance design.
Comparison of Endurance Holding Time Scores for the Group 
of Subjects Classified as Possessing High Muscular 
Strength and the Group Classified as Possessing Low 
Muscular Strength
The analysis of data indicated that there was a significant 
difference in endurance performance holding time scores between the 
high and low strength groups. Table I reveals an F-ratio of 14.84 
with 1 and 239 degrees of freedom which is greater than that required 
for significance at the .01 level of probability. The difference 
favored the low strength group which averaged 117.99 seconds through­
out the four experimental conditions as opposed to the average of 
106.76 seconds for the high strength group throughout the four experi­
mental conditions.
Comparison of the Effects of Non-Occluded and Occluded 
Blood Circulation Upon Endurance Holding Time Scores
As shown in Table I, the difference between conditions of non- 
occluded and occluded blood circulation (Level B) was significant having 
an F-ratio of 919.74. This F-ratio was above the F-ratio of 6.75 with
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TABLE I
ANALYSIS OF VARIANCE OF ENDURANCE HOLDING TIME SCORES 
OF SIXTY COLLEGE MALES CLASSIFIED AS STRONG OR 
WEAK UNDER FOUR EXPERIMENTAL CONDITIONS
Source of 
Variation
Sum of 
Squares df
Mean
Squares F P
A High strength group 
compared to low 
strength group 7570.13 1 7570.13 14.84 .01
* subjects/strength 
groups 29588.02 58 510.14
B Non-occluded cir­
culation versus 
occluded circula­
tion 214329.19 1 214329.19 919.75 .01
C Thirty per cent of 
MIS workload versus 
sixty per cent of 
MIS workload 799318.00 1 799318.00 3430.11 .01
AB .Interaction 16545.20 1 16545.20 71.00 .01
AC Interaction 6339.67 1 6339.67 27.21 .01
BC Interaction 137286.40 1 137286.40 589.14 .01
ABC Interaction 4993.19 1 4993.19 21.43 .01
** Error (Residual) 40547.80 174 233.03
Total 1256517.60 239
* F needed at .01 level, 7.10
** F needed at .01 level, 6.75
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1 and 239 degrees of freedom required to be significant for the .01 
level of probability. The endurance holding times for the two experi­
mental conditions performing under non-occluded circulation were signi­
ficantly superior to the endurance holding times obtained under the two 
experimental conditions of occluded blood circulation. The average per­
formance time for the two experimental conditions during non-occluded 
blood circulation was 142.26 seconds. The two conditions having oc­
cluded blood circulation had an average endurance holding time of 82.50 
seconds.
Comparison of the Effects of Workloads of Thirty and 
Sixty Per Cent of Maximum Isometric Strength Upon 
Endurance Holding Time Scores
Table I reveals that a significant F-ratio of 3430.1 exists in 
the comparison of thirty and sixty per cent workloads (Level C) upon 
endurance holding time scores. The F-ratio required at the .01 level 
of probability was 7.10. The average endurance holding time for the 
two workloads of thirty per cent of maximum isometric strength was 
170.09 seconds. The average endurance holding time for the two work­
loads of sixty per cent of maximum isometric strength was 54.67 seconds. 
The endurance holding times for the workloads of thirty per cent of maxi­
mum isometric strength were significantly higher than the endurance 
holding time scores for the workloads of sixty per cent of maximum iso­
metric strength (hereafter referred to as MIS).
Interaction Effects of Strength Groups During Conditions 
of Non-Occluded or Occluded Blood Circulation Upon 
Endurance Holding Time Scores
The A x B interaction effects of the difference between high 
and low strength groups' endurance performance during the conditions of
normal and occluded blood circulation were shown to be significant at 
the .01 level of probability. The difference between the holding time 
scores of the high and low strength groups during conditions of non- 
occluded blood circulation was 27.84 seconds in favor of the low 
strength group. However, the difference between performance time scores 
of the high and low strength groups under conditions of occluded circu­
lation was 5.37 seconds in favor of the high strength group. Therefore, 
the significant F-ratio of 71 in Table I indicates that the low strength 
group was much more effective than the high strength group on the endur­
ance performance during conditions of non-occluded blood circulation but 
was somewhat inferior to the high strength group during conditions of 
occluded blood circulation. Chart I illustrates how the differences 
between the strength groups differed under the conditions of non- 
occluded and occluded circulation.
Interaction Effects of Strength Groups During Conditions 
Requiring Workloads of Thirty and Sixty Per Cent of 
Maximum Isometric Strength Upon Endurance Holding Time
As shown in Table I a significant F-ratio of 27.21 for 1 and 
239 degrees of freedom for the effects of interaction (A x C) between 
the differences of high and low strength groups' endurance performance 
during a workload of thirty per cent of MIS and a workload of sixty per 
cent of MIS was established. The average endurance holding time for the 
high strength group for workload conditions of thirty per cent of MIS 
was 159.33 seconds, while the average endurance holding time for the low 
strength group performing under the same conditions was 180.85 seconds. 
The difference between the high strength group and the low strength 
group performing under the workload conditions of sixty per cent of MIS
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was only .96 seconds in favor of the low strength group. This difference 
in the differences was statistically significant. This was interpreted 
to mean that the low strength group's superiority at thirty per cent of 
MIS was not maintained under workloads of sixty per cent of MIS. Chart II 
graphically illustrates this interaction.
Interaction Effects of Non-Occluded or Occluded Blood 
Circulation and Thirty or Sixty Per Cent of Maximum 
Isometric Strength Workloads Upon Endurance Holding 
Times
The F-ratio of 589.13 shown in Table I for the interaction of 
non-occluded and occluded circulation and workloads of thirty and sixty 
per cent of MIS (B x C) upon endurance holding times was significant at 
the .01 level of probability. A difference of 107.6 seconds favoring non­
occlusion was obtained for the thirty per cent of MIS workload. The dif­
ference, however, between endurance performance scores under conditions 
of non-occluded or occluded blood circulation during a sixty per cent of 
MIS workload condition was 11.94 seconds. The difference between the two 
conditions was not uniform. Chart III illustrates this interaction.
Thus, conditions of non-occluded blood circulation were more effective 
when the subjects were performing at a thirty per cent of MIS workload 
than at a sixty per cent of MIS workload indicating that a much greater 
degree of intramuscular occlusion was occurring at sixty per cent work­
loads than at thirty per cent workloads for non-occluded conditions.
Interaction Effects of Strength Groups, Non-Occluded or 
Occluded Blood Circulation and Workloads of Thirty 
Per Cent or Sixty Per Cent of Maximum Isometric 
Strength Upon Endurance Holding Times
The F-ratio for the interaction effects of high and low strength
groups, non-occluded or occluded blood circulation, and thirty or sixty
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CHART III
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per cent of MIS workloads upon endurance holding times (A x B x C 
Table I) was 21.43. This F-ratio was significant at the .01 level of 
probability indicating that the difference in endurance holding time 
scores was not uniform under the three conditions. The difference be­
tween endurance holding time scores for strength groups with non- 
occluded blood circulation during a thirty per cent of MIS workload was 
47.24 seconds in favor of the low strength group. When the groups per­
formed under occluded blood circulation conditions with a workload of 
thirty per cent of MIS, the difference between the strength groups was 
4.22 seconds in favor of the high strength group. The two strength 
groups performing under conditions of non-occluded blood circulation at 
a workload of sixty per cent of MIS had a difference in performance 
scores of 8.43 seconds in favor of the low strength group. However, the 
endurance performance difference between strength groups during condi­
tions of occluded circulation for a workload of sixty per cent of MIS 
was b.53 seconds in favor of the high strength group. Thus, it would 
appear that the low strength group performed more effectively during 
conditions of non-occltided circulation at both thirty and sixty per 
cent of MIS workload conditions. But the high strength group seemed to 
have better endurance performances than the low strength group during 
conditions of occluded circulation for both the workloads. This inter­
action is graphically illustrated on Chart IV.
ANALYSIS OF THE EFFECTS OF THE FOUR EXPERIMENTAL 
CONDITIONS UPON STRENGTH DECREMENT INDICES
The analysis of variance of the strength decrement indices for 
the sixty subjects classified as possessing either high strength or low 
strength who executed the endurance performance task under the four
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experimental conditions are shown in Table II. The mean differences in 
the strength decrement indices for the comparisons made in the analysis 
of variance design are presented in Appendix H.
Comparison of the Two Strength Groups on Strength 
Decrement Indices
As shown in Table II an F-ratio of 42.6 with 1 and 719 degrees 
of freedom was obtained for the analysis of difference between strength 
groups for strength decrement indices recorded for three intervals 
under all four experimental conditions. The difference was significant 
for Level A between the two strength groups. The overall mean strength 
decrement index for the high strength group was 7.91 per cent as com­
pared to the low strength group's mean strength decrement index of 11.10 
per cent. Thus, the low strength group displayed a significantly 
greater strength decrement index following endurance performance than 
did the high strength group.
Comparison of the Effects of Non-Occluded and Occluded 
Blood Circulation Upon Strength Decrement Indices
The comparison of the effects of non-occluded and occluded 
blood circulation (Level B, Table II) revealed a significant difference 
in the strength decrement indices. The F-ratio of 123.4 was signifi­
cant at the .01 level of probability. The mean strength decrement index 
following conditions of non-occluded blood circulation was 10.88 per 
cent; for conditions of occluded blood circulation the mean strength 
decrement index score was 8.13 per cent. This difference disclosed 
that a significantly smaller strength decrement resulted following en­
durance performance with occluded blood circulation.
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TABLE II
ANALYSIS OF VARIANCE OF STRENGTH DECREMENT INDICES OF SIXTY 
COLLEGE MALES CLASSIFIED AS MUSCULARLY STRONG OR 
WEAK UNDER FOUR EXPERIMENTAL CONDITIONS
Source of 
Variation
Sum of 
Squares df
Mean
Squares F P
A High strength 
group compared 
to low strength 
group .1832 1 .1832 42.6 .01*
* subjects/strength 
groups .2520 58 .0043
B Non-occluded cir­
culation versus 
occluded circula­
tion .1357 1 .1357 123.4 .01**
C Thirty per cent 
of MIS workload 
versus sixty per 
cent of MIS work­
load .0923 1 .0923 84.3 .01**
D Thirty-second 
recovery versus 
two and one-half 
minute recovery 
versus four and 
one-half minute 
recovery
Linear
Quadratic
3.7839
3.3432
.6066
2
1
1
1.8920
3.3432
.6066
1720.0
3039.0 
551.0
.01*** 
.01** 
.01**
A x B Interaction .0310 1 .0310 28.2 .01**
A x C Interaction .0369 1 .0369 33.5 .01**
94
TABLE II (continued)
Source of 
Variation
Sum of
Squares df
Mean
Squares F P
A x D Interaction
^ x ^Linear 
x Quadratic
.1058 2 
.09408 1 
.01225 1
.0529
.09408
.01225
48.2
85.52
11.13
.01***
.01**
.01**
B x C Interaction .0176 1 .0176 16.0 .01**
B x D Interaction
? x ^Linear 
x ^Quadratic
.0070 2 
.0057 1 
.0015 1
.0035
.0057
.0015
3.18
5.18 
1.36
.05*** 
.05** 
N. S.
C x D Interaction
C x D, .Linear
x Quadratic
.0279 2 
.0231 1 
.0046 1
.0139
.0231
.0046
12.6
21.0
4.18
.01*** 
.01** 
.05**
A x B x C Interaction .0007 1 .0007 .64 N. S.
A x B x D Interaction .0042 2 .0021 1.9 N. S.
A x C x D Interaction .0038 2 .0019 1.7 N. S.
B x C x D Interaction .0192 2 .0096 8.7 .01***
A x B x C x D Inter­
action .0080 2 .0040 3.6 .05***
Error (Residual) .70322 638 .00110
Total 5.4123 719
* F needed at .01 level, 7.10
** F needed at .01 level, 6.68; F needed at .05 level, 3.86
*** F needed at .01 level, 4.65; F needed at .05 level, 3.01
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Comparison of the Workloads of Thirty and Sixty Per 
Cent of Maximum Isometric Strength Upon Strength 
Decrement Indices
The combined mean strength decrement index for the workload 
of thirty per cent of MIS and the workload of sixty per cent of MIS 
(Level C) was 10.64 per cent and 8.38 per cent respectively. The dif­
ference between the strength decrement indices was significant as in­
dicated by the F-ratio 84.3 shown in Table II. The sixty per cent of 
MIS workload produced significantly lower strength decrement indices 
than the strength decrement indices produced by the workload of thirty 
per cent of MIS.
Comparison of Strength Decrement Indices Following 
Thirty Seconds, Two and One-Half Minutes, and 
Four and One-Half Minutes of Recovery
As shown in Table II, an F-ratio of 1720 (Level D) was obtained 
when decrements were compared at thirty-second, two and one-half-minute, 
and four and one-half-minute recovery intervals. This F-ratio was ob­
viously significant at the .01 level of probability. Mean strength 
decrement indices of 19.61 per cent, 5.99 per cent, and 2.92 per cent 
were obtained for the thirty-second, the two and one-half-minute, and 
the four and one-half-minute recovery intervals following the four ex­
perimental conditions. Regression was then computed by means of or­
thogonal comparisons for the three recovery intervals. The orthogonal 
polynomials used were:
Thirty Two and One- Four and One-
Seconds Half Minutes Half Minutes
Linear 1 0  -1
Quadratic 1 -2 1
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The analysis of regression revealed that a significant linear trend was 
apparent. The recovery was not completely linear as a significantly 
quadratic deviation from linearity was denoted (Table II). Chart V 
illustrates these trends.
Interaction Effects of Strength Groups During Con­
ditions of Non-Occluded or Occluded Blood Circu­
lation Upon Strength Decrement Indices
The comparison for interaction effects of strength groups 
during conditions of non-occluded and occluded blood circulation 
(Level A x B) upon strength decrement indices was significant at the 
.01 level of probability having an F-ratio of 28.2 as shown in Table II. 
The comparison of the strength decrement indices for strength groups 
following two conditions of non-occluded circulation yielded a difference 
of 4.50 per cent. However, a difference of only 1.87 per cent was ob­
tained between the strength groups following the two conditions of oc­
cluded blood circulation. The difference between the differences was 
significant as evidenced by the F-ratio in Table II. The interpreta­
tion of this interaction was that the strength decrement differences 
between strength groups were greater following conditions of non-occluded 
blood circulation than following conditions of occluded blood circula­
tion. See Chart VI.
Interaction Effects of Strength Groups During Work­
loads of Thirty and Sixty Per Cent of Maximum 
Isometric Strength Upon Strength' Decrement 
Indices
A comparison of the interaction effects (Level A x C, Table II) 
upon strength decrement indices between strength groups during workload 
conditions of thirty per cent of MIS revealed a difference of 4.62 per
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CHART VI
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cent with the low strength group having the greater strength decrement. 
Yet, the difference between strength groups on measures of strength 
decrement following workload conditions of sixty per cent was only 1.75 
per cent with the low strength group having the higher strength decre­
ment. Chart VII illustrates the significant differences.
Interaction Effects of Strength Groups Upon Strength 
Decrement Indices Following Thirty Seconds, Two 
and One-Half Minutes and Four and One-Half 
Minutes of Recovery
As shown in Table II an F-ratio of 48.2 was obtained for the 
interaction effects (A x D) of strength groups following thirty seconds, 
two and one-half minutes, and four and one-half minutes of recovery upon 
strength decrement indices. The average strength decrement index for the 
high strength group under all conditions following thirty seconds of re­
covery was 16.32 per cent, while the low strength group had an average 
strength decrement of 22.89 per cent for the same conditions. The 
average strength decrement index for all conditions following two and 
one-half minutes of recovery was 4.98 per cent for the high strength 
group and 7.01 per cent for the low strength group. The average strength 
decrement index for all conditions following four and one-half minutes 
of recovery was 2.44 per cent and 3.41 per cent for the high strength 
and low strength groups, respectively. The significant interaction de­
notes that the strength decrement indices differences represented be­
tween the two strength groups were not uniform throughout the recovery 
intervals. Regression computed for the three recovery periods revealed 
that a significant difference existed between the strength groups' 
linear and quadratic regression trends as shown in Table II. The low 
strength subjects had a faster rate of recovery although the rate
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diminished toward the conclusion of the recovery period. The high 
strength group's rate of recovery decreased at a faster rate. The 
strength decrement difference was much greater between the high and low
half minutes, and the difference at two and one-half minutes was greater 
than after four and one-half minutes of recovery. Chart VIII illus­
trates these differences. The orthogonal comparisons used in the 
analysis were:
blood circulation during workloads of thirty and sixty per cent of MIS 
(B x C) upon strength decrement indices yielded an F-ratio of 16 
(Table II) which was significant at the .01 level of probability. A 
strength decrement difference of 3.74 per cent and 1.75 per cent was 
found between non-occluded and occluded circulation conditions for 
workloads of thirty and sixty per cent of MIS, respectively. The 
greater strength decrement index following non-occluded circulation 
conditions at thirty per cent of MIS workloads decreased in magnitude 
at sixty per cent of MIS workloads. See Chart IX.
strength subjects at thirty seconds of recovery than at two and one-
Thirty
Seconds
Two and One- 
Half Minutes
Four and One- 
Half Minutes
1 -1 0 0 -1 1
A x ^Quadratic 1 -1 -2 2 1 -1
Interaction Effects of Non-Occluded and Occluded 
Blood Circulation During Workloads of Thirty 
and Sixty Per Cent of Maximum Strength Upon 
Strength Decrement Indices
The comparison of the effects of non-occluded and occluded
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CHART IX
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Interaction Effects of Non-Occluded and Occluded 
Blood Circulation, Thirty Seconds, Two and One- 
Half Minutes, and Four and One-Half Minutes of 
Recovery Upon Strength Decrement Indices
The F-ratio shown in Table II for the interaction effects of 
non-occluded and occluded blood circulation and thirty-second, two and 
one-half-minute, and four and one-half-minute recovery intervals (B x D) 
upon strength decrement indices was 3.18 which was significant at the 
.05 level of probability. This indicated that the difference between 
strength decrement percentages during conditions of non-occluded and 
occluded blood circulation was not uniform following recovery periods 
of thirty seconds, two and one-half minutes, and four .and one-half 
minutes.
Regression was then computed using orthogonal comparisons for 
the three recovery intervals. Only the comparison for linearity of 
the differences between the two conditions was significant (Table II). 
This analysis indicated that the condition of non-occluded blood circu­
lation produced a faster recovery during the recovery intervals than 
the occluded circulation conditions. Chart X illustrates that greater 
differences existed between the circulation conditions at thirty seconds 
and two and one-half minutes of recovery than at four and one-half 
minutes of recovery. The orthogonal comparisons were the same as pre­
viously used.
Interaction Effects of Workloads of Thirty and Sixty 
Per Cent of Maximum Isometric Strength for Thirty 
Seconds, Two and One-Half Minutes, and Four and 
One-Half Minutes of Recovery Upon Strength Decre­
ment Indices
The interaction effects of workloads of thirty and sixty per 
cent of maximum isometric strength for recovery intervals of thirty
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seconds, two and one-half minutes and four and one-half minutes (Level 
C x D) upon strength decrement indices revealed an F-ratio of 12.6 
(Table II) that was significant at the .01 level of probability. The 
difference was 4.01 per cent at thirty seconds of recovery, 1.55 per 
cent at two and one-half minutes of recovery, and 1.23 per cent at four 
and one-half minutes of recovery with the thirty per cent workload 
having the greater strength decrement for each recovery interval.
A regression analysis in Table II indicated two workloads 
differ significantly on their linear and quadratic regression trends.
This significant difference indicated that the workload of thirty per 
cent of MIS had a faster recovery than the sixty per cent workload. 
However, the strength decrements for the two workloads were very simi­
lar at the conclusion of the recovery period indicating that the sixty 
per cent workload's rate of recovery was slowing down at a faster rate 
than the thirty per cent workload. Chart XI illustrates these regres­
sion' trends.
Interaction Effects of Strength Groups, Blood 
Circulation Conditions, Workloads, and Re­
covery Intervals Upon Strength Decrement 
Indices
The F-ratios for the interaction effects o f A x B x C ,  A x B x D ,  
and A x C x D upon strength decrement indices were .64, 1.9, and 1.7, 
respectively which failed to meet the test of significance acquired at 
the .05 level of probability (Table II). This indicated that the 
strength decrement indices differences were uniform under the above 
conditions.
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Interaction Effects of Non-Occluded or Occluded 
Blood Circulation, Workloads of Thirty or 
Sixty Per Cent of Maximum Isometric Strength, 
and Recovery Intervals of Thirty Seconds, Two 
and One-Half Minutes, and Four and One-Half 
Minutes Upon Strength Decrement Indices
The differences were not uniform as denoted by a significant 
F-ratio of 8.7 for the B x C x D interaction in Table II. Chart XII 
graphically illustrates that the differences were not uniform. Thus, 
generally smaller strength decrement differences existed between con­
ditions of non-occluded and occluded blood circulation following a 
workload of sixty per cent of MIS. It was felt that further analysis 
would not significantly clarify this interaction.
Interaction Effects of Strength Groups, Non- 
Occluded or Occluded Blood Circulation,
Workloads of Thirty or Sixty Per Cent of 
Maximum Isometric Strength, and Thirty- 
Second, Two and One-Half-Minute and Four 
and One-Half-Minute Recovery Intervals 
Upon Strength Decrement Indices
This significant difference between the differences as indi­
cated by the F-ratio of 3.6 for A x B x C x D interaction denotes that 
high and low strength subjects differed less on strength decrement 
indices for both workloads of thirty and sixty per cent of MIS fol­
lowing conditions of occluded blood circulation than for workloads of 
a thirty or sixty per cent of MIS during conditions of non-occluded 
blood circulation. It was felt further analysis would not clarify the 
interpretation of this interaction. Chart XIII illustrates this inter­
action.
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CHART XII (continued)
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CHART XIII (continued)
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CHART XIII (continued)
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CHART XIII (continued)
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CHAPTER V
SUMMARY, FINDINGS, AND CONCLUSIONS 
SUMMARY
The main purpose of this study was to analyze relative iso­
metric muscular endurance performance during four conditions involving 
different workloads in the presence of non-occluded and occluded blood 
circulation for high and low strength individuals. The secondary pur­
pose of this study was to investigate strength decrement following ex­
ercise with different workloads and with non-occluded and occluded cir­
culation. An incidental purpose was to determine if selected percent­
ages . of muscular strength produced intramuscular occlusion during muscu­
lar endurance performance.
Subjects for this study were sixty adult males from Louisiana 
State University and a health studio in Baton Rouge, Louisiana. The 
subjects were classified into two groups according to their strength 
scores in the military press recorded on an Iso-Meton Exerciser. Thirty 
subjects that isometrically pressed ninety per cent or more of their 
body weight comprised the high strength group, and the low strength 
group was composed of thirty subjects that could isometrically press no 
more than sixty per cent of their body weight. All subjects were ori­
ented and familiarized with the testing procedures for two days prior 
to the commencement of the actual testing phase. The sixty subjects
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were tested on measures of isometric muscular strength of the elbow 
flexors of the right arm utilizing a cable tensiometer. Each of the 
subjects in the two strength groups also performed relative isometric 
endurance tests in the same position. A counterbalanced schedule of 
performing each of four experimental conditions was followed. The ex­
perimental conditions were: Experimental Condition One (a workload of
thirty per cent of maximal isometric strength with non-occluded blood 
circulation); Experimental Condition Two (a workload of thirty per cent 
of maximal isometric strength with occluded blood circulation); Experi­
mental Condition Three (a workload of sixty per cent of maximal iso­
metric strength with non-occluded blood circulation); Experimental Con­
dition Four (a workload of sixty per cent of maximal isometric strength 
with occluded blood circulation).
To investigate the secondary purpose of the study, strength 
decrement measures were taken after thirty seconds, two and one-half 
minutes, and four and one-half minutes of recovery following each of 
the four experimental conditions.
The incidental purpose was investigated through the analysis of 
the interaction effects of blood circulation conditions and workloads 
upon relative endurance holding times.
Measures of isometric strength, relative isometric endurance, 
and strength decrement indices were taken at each of the testing ses­
sions. Isometric strength tests preceded each test of relative iso­
metric endurance that was given. Specific individuals received retests 
on isometric strength measures, relative isometric endurance measures, 
and strength decrement indices to determine the reliability coefficients 
of the testing procedures.
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A completely randomized two-by-two split-plot factorial analy­
sis of variance was used to compare the maximum endurance holding times 
obtained during each of the four experimental conditions and analyzed 
as to the effects of strength levels, blood circulation, workloads, and 
the interaction of these variables. To compare the strength decrement 
indices following each of the four experimental conditions, a completely 
randomized two-by-two-by-three split-plot factorial analysis of vari­
ance was used. This design analyzed the effects of strength levels, 
blood circulation, workloads, recovery intervals, and the interaction 
of these variables upon strength decrement. Correlations were computed 
to determine estimates of reliability for the various tests administered 
in the study.
FINDINGS
The findings in this study were as follows:
1. The relative endurance of the low strength subjects was 
significantly greater over all the conditions than the high strength 
subjects.
2. Significantly greater relative endurance scores were real­
ized under conditions of non-occlusion than under occluded circulation 
conditions.
3. Relative endurance holding time scores were significantly 
higher for a workload of thirty per cent of maximum isometric strength 
than for a workload of sixty per cent of maximum isometric strength.
4. A significant interaction was found between the effects of 
strength levels and the effects of blood circulation on relative endur­
ance holding time in that the superiority of the low strength group over
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the high strength group on relative endurance holding time during non- 
occluded blood circulation did not exist during conditions of occluded 
blood circulation.
5. A significant interaction was found between the strength of 
groups and workloads on relative endurance holding time in that the 
superiority of the low strength group was much greater during conditions 
of a workload of thirty per cent of maximum isometric strength than 
during conditions of a workload of sixty per cent of maximum isometric 
strength.
6. A significant interaction between conditions of blood cir­
culation and workloads on relative endurance indicated that the superi­
ority of non-occluded circulation was significantly greater at thirty 
per cent of maximum strength than at sixty per cent.
7. A significant interaction was found between the effects of 
strength groups, blood circulation, and workloads upon relative endur­
ance 'holding time in that the low strength group's performance exceeded 
that of the high strength group at both workloads during conditions of 
non-occluded blood circulation while the performance of the high strength 
group exceeded that of the low strength group at both workloads during 
conditions of occluded blood circulation.
8. The low strength group had a greater strength decrement 
than the high strength group throughout the four experimental condi­
tions.
9. A significantly greater strength decrement was found for 
non-occluded circulation conditions than for conditions of occluded 
circulation throughout the four experimental conditions. Also signi­
ficantly greater strength decrement indices were found for workloads of
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thirty per cent of maximum isometric strength than for sixty per cent 
workloads for all four experimental conditions.
10. The strength decrement indices were much greater over all 
the conditions at thirty seconds after exercise than at two and one- 
half minutes and four and one-half minutes. Similarly, the strength 
decrement difference between two and one-half minutes and four and one- 
half minutes after exercise was not as great as between thirty seconds 
and two and one-half minutes over all the conditions.
11. The interaction between strength groups and blood circula­
tion revealed that the difference between the strength decrement of the 
high and low strength groups was significantly less following occluded 
circulation condition than non-occluded. Similarly, the difference be­
tween strength groups in strength decrement was significantly less fol­
lowing workloads of sixty per cent of maximum strength than following 
exercise with thirty per cent.
12. The difference in strength decrement indices between the 
high and low strength groups was significantly greater at thirty sec­
onds after exercise than at two and one-half minutes and four and one- 
half minutes following exercise. The significant difference between 
the groups' linear and quadratic regression trends indicates that the 
low strength group had a faster rate of recovery although the rate 
diminished toward the conclusion of the recovery period.
13. The difference between the strength decrement of occluded 
and non-occluded conditions was greater at a workload of thirty per cent 
than at sixty per cent of maximum strength.
14. The strength decrement indices' regression for the non- 
occluded circulation conditions was significantly more linear than the
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occluded circulation conditions indicating a faster recovery for non- 
occluded conditions. The strength decrement indices following workloads 
of thirty per cent of maximum strength was significantly more linear 
than following exercise at sixty per cent of maximum strength signifying 
a faster rate of recovery with a significant quadratic difference indi­
cating more of a leveling trend for the sixty per cent workload.
DISCUSSION OF THE FINDINGS
The findings in this study were in partial agreement with pre­
vious studies concerned with local muscular strength and endurance. The 
interaction effects of strength groups, blood circulation and workloads 
revealed that the low strength group had better endurance times than the
high strength group for both workloads during non-occluded blood circu-
1
lation. This supported the findings of Carlson in which the low 
strength group was found to be superior to the high strength group on 
endurance performance at selected workloads. However, the significant 
interaction in this study disclosed that the differences between the two 
groups were not uniform under the remaining experimental conditions. In 
fact, the high strength group had somewhat better endurance holding times 
than the low strength group at both workloads during conditions of oc­
cluded blood circulation.
2
Start suggested that stronger muscles with correspondingly 
stronger contractions produce more fatigue products than a weaker muscle
^B. Robert Carlson, "Level of Maximum Isometric Strength and 
Relative Load Isometric Endurance," Ergonomics, XII (May, 1969), 429-435.
^K. B. Start, "Load and Local Muscular Isometric Endurance 
With Occluded Blood Supply," Journal, of Applied Physiology, XIX (Novem­
ber, 1964), 1135-1138.
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which could account for a poorer relative endurance performance for the 
high strength groups. If stronger muscles do produce more metabolites, 
it would seem reasonable to assume that if artificial blood occlusion 
was induced upon a muscle, the weaker muscles would still remain supe­
rior on measures of relative isometric endurance holding times. The 
findings discussed above do not support this reasoning. A significant 
interaction of the effects of strength groups and blood circulation 
showed that differences between the high and low strength groups on 
endurance times were not uniform in that the low strength group's per­
formance was superior to the high strength group's performance only 
during conditions of non-occluded blood circulation.
With only a small difference existing between endurance per­
formance time during occluded blood circulation, it is apparent that 
both strength groups are producing comparable amounts of metabolites.
The seemingly more rapid accumulation of fatigue products for the high 
strength group resulting in a poorer endurance performance for condi­
tions of non-occluded circulation could possibly be due to the limited 
blood supply available to the muscle fibers during the isometric muscu­
lar contraction. It seems plausible that a higher degree of intra­
muscular occlusion was occurring at a workload of sixty per cent with 
non-occluded blood circulation. This was verified by the significant 
interaction obtained on the effects of.workloads and blood circulation 
as the difference between endurance times for conditions of non-occluded 
and occluded blood circulation during a workload of sixty per cent of 
maximum isometric strength was much less than the difference found be­
tween conditions of non-occluded and occluded blood circulation during a 
thirty per cent workload of maximum isometric strength. The investigator
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assumed that different workloads produce different degrees of intra­
muscular occlusion, and the extent of this occlusion for a workload is 
reflected in the similarity or dissimilarity of the endurance times be­
tween conditions of non-occluded blood circulation and artificially 
occluded blood circulation.
It would seem that when a workload is a certain percentage of 
maximum strength, the intramuscular strain would be constant for all 
subjects resulting in a similar endurance performance. However, the 
findings from the interaction of the effects of strength groups and 
blood circulation suggest that this assumption is not completely war­
ranted in that the low strength group apparently more adequately removed 
the accumulating metabolites than did the strong group during conditions 
of non-occluded blood circulation thus resulting in their better endur­
ance performance. This finding suggests that stronger muscles for a 
specific relative workload produced a greater degree of intramuscular 
pressure than the weaker muscles therefore reducing the ability of local 
blood circulation to remove the accumulating metabolites. When local 
blood circulation was controlled by artificial occlusion, the endurance 
times were similar for both groups.
The mean endurance performance for all four experimental con­
ditions was significantly different between the two strength groups in 
favor of the low strength group. This perhaps existed as a result of 
the greater endurance performance difference between the high and low 
strength groups during conditions of non-occluded blood circulation.
The finding that non-occluded blood circulation elicited signi­
ficantly better endurance times than those for conditions of occluded 
blood circulation was expected. Also, the finding that endurance
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performance times were significantly higher for a workload of thirty 
per cent of maximum isometric strength than for a workload of sixty per 
cent of maximum isometric strength was also expected. This result was 
anticipated since the two workloads were designed to measure endurance 
holding time at two different percentages of maximum isometric strength.
The differences in performances thus far have been linked to 
physiological limits of the subjects. The differences may be explain­
able in terms of motivation. The weaker subjects might not have been 
as highly motivated as the stronger subjects to exert maximum effort in 
the endurance performance during conditions of artificially occluded 
blood circulation.
It was hypothesized that the high strength group would have a 
smaller strength loss than the low strength group perhaps as a result 
of the high strength group's possessing more efficient local blood cir­
culation. Although the high strength group had smaller strength decre­
ment indices than did the low strength group following the four experi­
mental conditions, the low strength group recovered at a faster rate 
than did the high strength group. The large strength loss found follow­
ing exercise and the rapid recovery following the initial strength loss 
is in agreement with other studies.
The factors of blood circulation and workloads significantly 
affected the strength decrement indices. It appears that conditions of 
occluded blood circulation produced significantly smaller strength decre­
ments than did conditions of non-occluded blood circulation. Workloads 
of sixty per cent of maximum isometric strength seemed to produce signi­
ficantly smaller strength decrements than the workloads of thirty per 
cent of maximum isometric strength. Perhaps these findings resulted
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because of the relatively shorter endurance holding times produced for 
the conditions of occluded blood circulation and the conditions of sixty 
per cent workloads of maximum isometric strength. The recovery from 
fatigue incurred under heavier workload conditions appeared to be slower 
than the recovery after the lighter workload conditions.
The significant interactions revealed that strength decrement 
indices differences between strength groups were not as great following 
workloads of sixty per cent of maximum isometric strength. Furthermore, 
the strength decrement differences between non-occluded and occluded 
blood circulation conditions were not as great following the sixty per 
cent workloads of maximum isometric strength. These interactions may 
be explained by the fact that endurance holding times for all subjects 
were similar within the conditions of occluded blood circulation and 
within the conditions of workloads of sixty per cent of maximum iso­
metric strength. Thus, as endurance holding times held to exhaustion 
displayed a degree of similarity, it would appear logical to assume 
that like amounts of metabolites are being formed under the above ex­
perimental conditions. Consequently, a small difference in strength 
decrement between the subjects would result.
The three and four factor interactions tend to substantiate the 
earlier discussion that the apparent closeness of certain endurance 
holding time performances that resulted from the manipulation of the 
factors of blood circulation, workloads, arid strength groups is responsi­
ble for the non-uniformity of the strength decrement differences for 
these complex interactions.
125
CONCLUSIONS
Within the limitations of this study the following conclusions 
appeared justified:
1. Persons of lower strength apparently are able to exercise 
and to recover from the exercise more efficiently although the high 
strength subjects tend to have a consistently smaller strength decre­
ment at the end of each recovery interval.
2. With occlusion, and at higher percentages of relative work­
loads, the greater relative endurance of weaker individuals tends to 
disappear.
3. The large relative endurance differences between non­
occlusion and occlusion diminish at higher percentages of relative 
workloads.
4. Greater strength decrement occurs with longer exercise.
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APPENDIX A
STRENGTH CLASSIFICATION PERSONAL DATA SHEET
Name _____________________ ________________
Age__________________
College Classification____________  .______
Body Weight_________
Iso-Me ton Press Strength____________ _
Final Classification__________________
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APPENDIX B
PERSONAL DATA SHEET FOR THE TESTING PERIOD
Name_______________________  Age______  College Classification
Strength Group____________  Isometric Strength
Chain Link Color
Isometric Endurance Link No.________
Elbow Base Support 
Thickness
NON-OCCLUDED 
BLOOD CIRCULATION
307> Workload 607> Workload
Strength Endur­
ance
Time
SDI Strength Endur­
ance
Time
SDI
30 sec. 30 sec.
•
2% min. 2h min.
4% min. 4% min.
OCCLUDED 
BLOOD CIRCULATION
30% Workload 60% Workload
Strength Endur­
ance
Time
SDI Strength Endur­
ance
Time
SDI
30 sec. 30 sec.
2% min. 2h min.
4% min. 4% min.
APPENDIX C
DAILY RECORDINGS FOR LOW STRENGTH GROUP ON ISOMETRIC STRENGTH TESTS AND RELATIVE ISOMETRIC
ENDURANCE HOLDING TIME SCORES PERFORMED UNDER THE FOUR EXPERIMENTAL CONDITIONS
Name
Mean
Isometric 
Strength 
EC #1
Holding
Time
Score
EC#1
Mean
Isometric 
Strength 
EC #2
Holding 
Time 
Score 
EC #2
Mean
Isometric 
Strength 
EC #3
Holding 
Time 
Score 
EC #3
Mean
Isometric 
Strength 
EC #4
Holding 
Time 
Score 
EC #4
LI 37 242.3 36 99.6 35 68.5 36 58.3
Retest 35 247.2 35 108.1 36 71.8 37 61.2
L2 40 240.3 40 131.2 40 52.0 40 31.8
L3 37 290.1 38 110.7 39 77.6 38 43.9
Retest 36 314.3 37 120.4 38 74.7 38 41.0
L4 33 299.5 38 130.7 37 75.7 38 48.1
L5 35 227.6 35 111.5 35 70.4 35 46.5
Retest 36 235.7 37 121.6 34 75.1 36 48.4
L6 37 225.9 37 101.6 35 51.4 36 33.6
L7 37 229.5 37 125.4 36 77.9 38 50.7
Retest 38 239.7 36 126.3 36 67.7 38 50.1
L8 37 237.5 39 92.7 38 62.2 39 37.3
L9 35 291.9 35 129.6 36 52.2 35 42.8
Retest 34 294.9 35 134.0 36 57.0 35 49.3
L10 41 205.4 40 102.2 41 59.5 40 44.4
Lll 40 244.6 40 132.7 39 79.7 39 58.1
Retest 39 250.5 38 132.2 39 83.2 38 69.8
LI 2 40 218.5 42 100.0 42 63.6 41 44.0
LI 3 30 200.7 30 100.8 32 51.7 31 30.3
Retest 30 183.3 30 112.4 30 42.0 30 20.7
APPENDIX C (continued)
Name
Mean
Isometric 
Strength 
EC #1
Holding 
Time 
Score 
EC #1
Mean
Isometric 
Strength 
EC #2
Holding 
Time 
Score 
EC #2
Mean
Isometric 
Strength 
EC #3
Holding 
Time 
Score 
EC #3
Mean
Isometric 
Strength 
EC #4
Holding 
Time 
Score 
EC #4
L14 38- 303.0 38 109.6 39 72.5 37 31.6
LI 5 38 260.4 39 122.8 38 67.4 38 47.9
Retest 39 242.3 38 126.2 38 64.2 38 50.8
LI 6 36 256.4 35 119.0 34 53.8 34 42.7
LI 7 40 260.3 39 126.9 39 64.6 39 60.2
Retest 40 274.5 40 123.1 40 66.5 40 60.9
L18 40 249.8 40 117.9 41 59.7 41 41.5
L19 36 209.8 34 100.4 36 77.1 34 38.5
Retest 37 199.7 36 98.2 36 85.0 35 44.6
L20 33 213.3 34 127.5 33 63.1 35 42.3
L21 38 204.9 41 131.3 41 52.0 40 48.4
Retest 39 225.3 41 132.3 41 53.6 40 51.6
L22 40 212.6 ' 40 106.6 40 67.1 40 49.1
L23 35 258.2 35 125.0 33 66.6 33 68.4
Retest 33 259.4 34 138.9 32 68.4 32 61.0
L24 38 202.4 36 96.2 36 49.8 36 45.9
L25 38 274.8 38 105.5 39 72.0 37 49.7
Retest 37 284.9 37 119.4 37 79.5 36 48.1
L26 36 272.5 35 95.1 35 57.7 35 49.8
L27 37 199.8 36 102.3 38 62.9 35 34.7
Retest 38 189.1 38 107.2 39 62.6 36 32.2
L28 40 314.7 40 130.7 40 77.9 41 50.4
L29 33 264.5 32 121.1 33 73.3 32 56.0
Retest 34 282.1 32 122.2 33 68.0 32 54.9
L30 38 314.1 38 118.8 38 65.7 38 45.5
APPENDIX d
DAILY RECORDINGS FOR HIGH STRENGTH GROUP ON ISOMETRIC STRENGTH TESTS AND RELATIVE ISOMETRIC
ENDURANCE HOLDING TIME SCORES PERFORMED UNDER THE FOUR EXPERIMENTAL CONDITIONS
Name
Mean
Isometric 
Strength 
EC #1
Holding 
Time 
Score 
EC #1
Mean
Isometric 
Strength 
EC #2
Holding 
Time 
Score 
EC #2
Mean
Isometric 
Strength 
EC #3
Holding 
Time 
Score 
EC #3
Mean
Isometric 
Strength 
EC #4
Holding 
Time 
Score 
EC #4
H31 48 239.6 50 110.3 51 68.7 51 69.7
Retest 49 247.6 49 129.3 50 74.8 50 67.7
H32 46 176.6 46 120.4 46 56.9 46 46.0
H33 47 173.8 48 106.5 46 45.8 47 41.8
Retest 49 179.6 48 98.3 48 47.1 46 37.6
H34 52 189.5 52 116.1 51 46.5 51 47.9
H35 46 247.9 46 119.4 46 61.4 47 51.5
Retest 44 235.7 45 115.2 43 55.3 44 51.2
H36 52 198.2 50 115.0 ' 50 60.3 50 52.3
H37 47 174.9 49 101.9 49 53.7 48 53.8
Retest 48 184.9 49 119.4 48 52.2 49 49.2
H38 56 205.3 59 113.8 56 48.3 59 49.8
H39 50 244.0 50 135.0 51 65.3 50 68.1
Retest 50 237.1 50 144.6 49 60.2 50 66.4
H40 53 241.7 51 129.8 53 51.5 53 52.9
H41 46 182.5 48 114.8 48 55.1 46 48.1
Retest 47 210.1 49 109.1 46 58.7 46 41.3
H42 56 174.1 54 115.6 53 66.4 53 66.9
H43 47 196.1 47 124.4 47 48.5 47 46.3
Retest 47 181.3 45 128.5 47 48.3 46 39.3
APPENDIX D (continued)
Name
Mean
Isometric 
Strength 
EC #1
Holding 
Time 
Score 
EC #1
Mean
Isometric 
Strength 
EC #2
Holding 
Time 
Score 
EC #2
Mean
Isometric 
Strength 
EC #3
Holding 
Time 
Score 
EC #3
Mean
Isometric 
Strength 
EC #4
Holding 
Time 
Score 
EC #4
H44 58 165.9 57 111.3 57 52.8 58 45.5
H45 45 185.8 46 119.8 46 65.1 46 63.4
Retest 43 179.1 45 117.2 46 65.6 46 59.6
H46 55 218.4 ’ 58 133.4 55 71.9 57 56.2
H47 47 177.6 46 120.9 48 47.2 46 51.1
Retest 46 165.3 47 114.4 48 50.0 45 47.7
H48 50 208.4 50 119.6 48 51.0 49 46.9
H49 47 191.6 46 103.8 47 59.4 46 47.3
Retest 46 184.8 46 107.5 46 55.4 46 41.3
H50 50 205.2 52 121.2 50 49.5 50 50.2
H51 47 185.4 47 109.6 47 54.3 47 53.5
Retest 47 184.2 47 116.1 45 56.4 45 53.0
H52 46 195.3 48 124.9 49 54.6 47 55.4
H53 50 209.5 50 117.5 50 49.9 50 46.9
Retest 51 203.5 50 119.7 52 55.6 50 45.4
H54 56 187.6 55 109.2 54 59.0 55 45.4
H55 48 239.5 49 128.6 50 69.0 49 58.9
Retest 49 246.6 49 135.7 50 71.7 46 56.2
H56 53 170.1 54 122.9 51 48.4 54 45.2
H57 47 184.5 49 109.0 46 50.2 46 52.8
Retest 47 179.9 50 114.9 46 54.7 46 53.8
H58 48 180.4 46 122.7 46 51.0 46 53.2
H59 50 243.3 52 135.8 53 70.8 53 47.7
Retest 50 250.9 52 137.1 53 63.4 52 41.7
H60 48 210.4 46 118.7 47 60.0 48 44.3
APPENDIX E
DAILY RECORDINGS FOR LOW STRENGTH GROUP ON STRENGTH DECREMENT INDICES FOLLOWING
THE FOUR EXPERIMENTAL CONDITIONS
Name
Strength 
Decrement 
Indices 
EC #1 
30" 2%' 4%'
Strength 
Decrement 
Indices 
EC #2 
30" 2%' 4%'
Strength 
Decrement 
Indices 
EC #3 
30" 2%' 4%'
Strength 
Decrement 
Indices 
EC #4 
30" .2%' 4%'
LI 24.3 13.5 2.7 22.2 5.6 5.6 28.6 14.3 2.9 13.9 8.3 5.6
Retest 20.0 11.4 2.8 17.1 2.9 2.9 22.2 5.6 0.0 21.6 2.7 0.0
L2 30.0 15.0 12.5 27.5 5.0 2.5 27.5 10.3 5.0 12.5 5.0 0.0
L3 21.6 10.8 0.0 18.4 0.0 0.0 25.6 5.1 2.6 18.4 5.3 0.0
Retest 25.0 8.3 0.0 18.9 2.7 0.0 18.4 5.3 0.0 13.2 1C.5 5.3
L4 18.4 10.5 7.9 21.1 5.3 2.7 27.0 2.7 2.7 10.5 5.3 0.0
L5 25.7 11.4 11.4 20.0 5.7 5.7 28.0 0.0 0.0 11.4 2.9 0.0
Retest 19.4 5.6 2.8 21.0 0.0 0.0 23.5 0.0 0.0 11.1 0.0 0.0
L6 18.9 3.1 5.4 21.6 2.7 2.7 22.9 14.3 2.9 16.7 0.0 0.0
L7 35.1 10.8 8.1 29.7 2.7 0.0 29.8 ■ 8.3 5.6 23.7 7.6 5.3
Retest 27.0 10.5 7.9 33.0 5.6 2.8 30.6 5.6 2.8 26.3 7.9 7.9
L8 37.8 13.5 10.8 18.0 0.0 2.6 • 21.1 5.3 0.0 17.9 7.7 5.1
L9 28.5 8.6 2.9 31.4 0.0 0.0 22.3 ll.l 5.6 11.4 2.9 2.9
Retest 32.4 8.8 2.9 25.7 0.0 0.0 19.4 8.3 2.8 11.4 2.9 0.0
L10 36.6 12.2 7.3 27.5 5.0 0.0 24.4 4.9 2.4 17.5 5.0 0.0
Lll 27.5 12.5 2.5 20.0 5.0 2.5 20.5 7.7 2.6 12.8 0.0 0.0
Retest 25.6 5.1 2.6 23.7 2.6 2.6 23.1 0.0 0.0 21.5 0.0 0.0
LI 2 35.0 10.0 0.0 23.8 4.8 2.3 19.0 0.0 0.0 14.6 0.0 0.0
L13 20.0 10.0 3.3 20.0 6.5 3.3 18.8 15.3 6.3 19.4 9.7 9.7
Retest 28.3 10.0 3.3 16.7 3.3 3.3 23.3 16.7 3.3 13.3 6.7 3.3
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APPENDIX E (continued)
Strength Strength Strength Strength
Decrement Decrement Decrement Decrement
Indices Indices Indices Indices
EC #1 EC #2 EC #3 EC #4
Name 30" 2%' 4%' 30" 2%' 4%' 30" 2%' 4%' 30" 2%' 4%'
L14 21.1 10.5 5.3 21.1 2.6 0.0 17.9 5.1 0.0 10.8 0.0 0.0
L15 28.9 10.5 0.0 23.1 5.1 5.1 21.1 2.6 0.0 13.2 0.0 0.0
Retest 28.2 10.3 0.0 15.8 2.6 0.0 21.1 5.3 0.0 10.5 0.0 0.0
LI 6 27.8 16.7 16.7 34.3 5.7 0.0 26.5 14.8 0.0 20.6 2.6 2.6
LI 7 17.5 10.0 2.5 25.6 5.4 0.0 20.5 2.6 0.0 15.4 0.0 0.0
Retest 20.0 10.0 2.5 25.0 7.5 5.0 17.5 2.5 2.5 17.5 0.0 0.0
L18 22.5 12.5 0.0 30.0 5.0 0.0 22.0 7.3 4.9 22.0 7.3. 0.0
LI 9 25.0 11.1 2.8 17.6 0.0 0.0 19.7 2.8 0.0 14.7 0.0 0.0
Retest 24.3 8.3 0.0 13.9 0.0 0.0 13.9 2.8 0.0 11.4 2.9 0.0
L20 33.3 12.1 6.1 29.4 5.9 5.9 21.2 3.0 3.0 17.1 5.7 5.7
L21 26.3 10.5 2.6 19.5 7.3 4.9 17.1 0.0 0.0 17.5 5.0 0.0
Retest 23.1 7.7 2.6 19.5 7.3 4.9 17.1 0.0 0.0 20.0 5.0 0.0
L22 35.0 12.5 7.5 25.0 5.0 2.5 22.5 12.5 5.0 10.0 2.5 2.5
L23 34.2 17.1 14.3 34.0 8.6 5.7 27.3 . 12.1 6.1 21.2 6.1 3.0
Retest 33.3 21.2 18.1 35.3 8.8 8.8 28.1 9.8 9.8 27.3 12.5 6.3
L24 28.9 10.5 0.0 19.4 8.3 0.0 27.8 13.9 2.8 19.4 5.6 0.0
L25 21.1 15.8 2.6 18.4 7.8 5.1 20.5 5.1 2.6 19.0 2.7 0.0
Retest 24.3 16.2 5.4 21.6 5.4 5.4 24.3 5.4 2.7 22.2 8.3 5.6
L26 38.9 11.1 8.3 20.0 5.4 2.9 22.9 2.9 2.9 22.8 3.6 5.7
L27 24.3 10.8 5.4 33.0 8.3 5.6 24.3 2.9 0.0 20.0 5.7 0.0
Retest 23.4 7.8 2.6 26.3 5.3 0.0 25.6 7.7 2.6 25.0 8.3 0.0
L28 35.0 10.0 10.0 22.5 2.5 0.0 20.0 2.5 2.5 22.0 7.5 0.0
L29 27.3 12.1 6.1 28.1 6.3 3.1 33.3 12.1 6.1 21.9 6.9 3.1
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APPENDIX E (continued)
Strength Strength Strength Strength
Decrement Decrement Decrement Decrement
Indices Indices Indices Indices
EC #1 EC #2 EC #3 EC #4
Name 30" 2%' 4%' 30" 2%' 4%' 30" 2%' 4 V 30" 2%' 4%'
Retest
L30
35.3 11.1 8.8 25.0 9.4 0.0 30.0 15.2 9.1 15.6 3.1 0.0
21.1 15.8 10.5 26.3 7.9 2.6 21.5 7.9 5.1 18.4 7.9 5.3
•APPENDIX F
DAILY RECORDINGS FOR HIGH STRENGTH GROUP ON STRENGTH DECREMENT INDICES FOLLOWING
THE FOUR EXPERIMENTAL CONDITIONS
Strength Strength Strength Strength
Decrement Decrement Decrement Decrement
Indices Indices Indices Indices
EC #1 EC #2 EC #3 EC #4
Name 30" 2%' 4%' 30" 2%' 4%' 30" 2k' 4%' 30" 2k' 4%'
H31 22.9 14.6 6.3 12.0 2.0 2.0 19.6 7.8 2.0 11.8 3.9 0.0
Retest 30.6 10.2 8.2 10.2 6.1 4.1 18.0 6.0 2.0 18.0 6.0 4.0
H32 21.7 6.5 6.5 19.6 4.3 2.2 23.7 8.7 6.5 19.6 8.7 4.3
H33 29.8 12.8 4.3 12.5 4.2 4.2 13.0 6.5 0.0 17.0 8.5 4.3
Retest 26.5 6.1 4.1 16.7 6.3 6.3 17.4 4.3 0.0 12.5 0.0 0.0
H34 15.4 3.8 0.0 23.9 1.9 1.9 9.8 2.0 0.0 11.6 5.6 1.9
H35 21.7 6.5 2.2 17.4 6.5 2.2 17.4 2.2 0.0 14.9 6.6 6.6
Retest 31.8 4.5 4.5 24.4 8.9 6.7 20.9 7.0 4.7 22.8 11.4 9.1
H36 19.2 7.7 0.0 10.0 0.0 0.0 14.0 8.0 4.0 12.0 4.0 0.0
H37 23.4 10.6 4.2 22.4 2.4 2.4 20.4 8.2 8.2 20.8 10.4 2.1
Retest 25.0 8.3 4.2 24.5 10.2 4.1 25.0 12.5 6.3 16.3 10.2 2.0
H38 21.4 3.6 0.0 16.9 1.7 0.0 17.9 3.6 1.8 12.0 1.7 0.0
H39 24.0 4.0 0.0 18.0 4.0 2.0 17.6 5.9 2.0 12.0 0.0 0.0
Retest 22.0 2.0 0.0 20.0 6.0 0.0 16.3 8.2 8.2 18.0 4.0 0.0
H40 13.2 0.0 0.0 14.5 0.0 0.0 9.4 1.9 0.0 11.3 1.9 0.0
H41 21.7 13.0 8.7 25.0 6.3 2.1 20.8 2.1 2.1 13.0 0.0 0.0
Retest 27.7 4.3 4.3 22.4 8.2 0.0 26.1 4.3 4.3 17.4 4.3 2.2
H42 12.5 3.6 1.8 11.1 0.0 0.0 11.3 0.0 0.0 7.5 5.8 1.9
H43 14.9 6.4 6.4 17.0 6.4 0.0 12.8 8.5 4.3 19.1 6.4 4.3
Retest 13.4 6.8 4.5 15.6 2.2 2.2 19.1 6.4 2.1 19.6 6.5 2.2
APPENDIX F (continued)
Strength Strength Strength Strength
Decrement Decrement Decrement Decrement
Indices Indices Indices Indices
EC #1 EC #2 EC #3 EC #4
Name 30" 2%' 4%' 30" 2%' 4%' 30" 2%' 4%' 30" 2%' 4%'
H44 13.8 5.2 5.2 17.5 3.5 1.8 10.5 1.8 0.0 17.2 5.2 5.2
H45 24.4 11.6 6.7 11.1 4.4 0.0 17.4 10.9 8.7 10.9 6.5 0.0
Retest 7.0 4.7 0.0 17.4 4.3 0.0 23.9 2.2 0.0 15.2 0.0 0.0
H46 16.4 3.6 3.6 12.1 8.6 0.0 16.3 5.5 5.5 12.3 5.3 5.3
H47 14.9 6.4 0.0 13.0 2.2 0.0 18.8 6.3 2.1 21.7 10.9 2.2
Retest 23.9 15.2 10.9 19.1 12.8 2.1 16.7 4.2 4.2 20.0 11.1 4.4
H48 14.0 8.0 3.0 16.0 4.0 4.0 16.7 4.2 0.0 18.4 6.1 2.0
H49 27.7 8.5 4.3 13.4 4.3 2.2 14.9 6.4 6.4 13.0 4.3 0.0
Retest 28.3 8.7 0.0 13.4 6.5 2.2 13.4 4.3 2.1 15.2 2.2 0.0
H50 10.0 2.0 0.0 11.5 0.0 0.0 16.0 2.0 0.0 12.0 2.0 2.0
H51 12.8 8.5 6.4 * 14.8 6.4 0.0 21.3 4.3 2.0 17.0 6.3 4.3
Retest 21.3 8.5 4.3 10.6 8.5 2.1 24.4 2.2 0.0 22.2 6.7 4.4
H52 13.0 10.9 6.5 16.7 6.3 4.2 10.2 0.0 0.0 17.0 2.1 2.1
H53 16.0 8.0 4.0 12.0 0.0 0.0 12.0 - 0.0 0.0 14.0 4.0 2.0
Retest 23.5 5.9 3.9 10.0 0.0 0.0 15.4 3.8 1.9 14.0 6.0 0.0
H54 11.8 5.4 0.0 12.2 1.8 0.0 18.5 5.6 5.6 12.7 1.8 0.0
H55 18.8 0.0 0.0 13.7 8.2 2.0 16.0 4.0 4.0 12.2 0.0 0.0
Retest 16.3 2.0 2.0 19.5 4.3 2.0 16.0 8.0 6.0 10.9 2.2 0.0
H56 17.0 1.9 1.9 14.8 1.8 0.0 19.6 5.9 5.9 18.5 11.1 7.4
H57 19.1 10.6 8.5 18.4 6.1 4.1 10.9 4.3 0.0 15.2 2.2 2.2
Retest 23.4 12.8 8.5 20.0 6.0 6.0 8.7 6.5 0.0 10.9 0.0 0.0
H58 20.8 4.2 4.2 19.6 2.2 2.2 15.2 8.7 0.0 13.0 2.2 0.0
H59 20.0 8.0 4.0 11.6 0.0 0.0 17.0 3.7 1.9 18.9 10.6 7.5
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APPENDIX F (continued)
Strength Strength Strength Strength
Decrement Decrement Decrement Decrement
Indices Indices Indices Indices
EC #1 EC #2 EC #3 EC #4
Name
A
?CMOCO 4%' 30" 2%' 4%' 30" 2%' 4 V 30" 2%' 4%'
Retest 24.0 6.0 2.0 17.3 1.9 0.0 17.1 3.8 1.9 13.4 9.6 1.9
H60 20.8 8.3 6.3 21.7 6.5 2.2 14.9 0.0 0.0 20.8 4.2 0.0
APPENDIX G
MEAN ENDURANCE HOLDING TIME SCORES FOR THE VARIOUS COMPARISONS MADE IN THE TWO-BY-TWO 
RANDOMIZED SPLIT PLOT ANALYSIS OF VARIANCE SHOWN IN TABLE I
Mean Endurance
ANOVA Holding Time Score
Comparison Experimental Condition (Seconds)
A average endurance times for high strength group under
all four conditions 106.76
average endurance times for low strength group under
all four conditions 117.99
mean difference -11.13
B average endurance times for non-occluded blood cir­
culation conditions 142.26' .
average endurance times for occluded blood circula­
tion conditions 82.50
mean difference 59.76
C average endurance times for thirty per cent of MIS
workload conditions 170.09
average endurance times for sixty per cent of MIS 
workload conditions 54.67
APPENDiX G (continued)
ANOVA
Comparison Experimental Condition
Mean Endurance 
Holding Time Score 
(Seconds)
mean difference 115.42
AB average endurance times for high strength group during 
non-occluded blood circulation
average endurance times for low strength group during 
non-occluded blood circulation
mean difference
128.34
156.18 
-27.84 .
K average endurance times for high strength group during 
occluded blood circulation
average endurance times for low strength group during 
occluded blood circulation
mean difference
85.18
79.81
5.37
AC average endurance times for high strength group for 
thirty per cent of MIS workload 159.33
average endurance times for low strength group for 
thirty per cent of MIS workload - 180.85
mean difference -21.52
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APPENDIX G (continued)
Mean Endurance
ANOVA Holding Time Score
Comparison Experimental Condition (Seconds)
average endurance times for high strength group for
sixty per cent of MIS workload 54.19
average endurance times for low strength group for
sixty per cent of MIS workload 55.15
mean difference -.96
BC average endurance times for non-occluded blood cir­
culation during workload of thirty per cent of MIS 223.89
average endurance times for occluded blood circula­
tion during workload of thirty per cent of MIS 116.29
mean difference 107.60
average endurance times for non-occluded blood cir­
culation during workload of sixty per cent of MIS 60.64
average endurance times for occluded blood circula­
tion during workload of sixty per cent of MIS 48.70
mean difference 11.94
ABC average endurance times for high strength group during
non-occluded blood circulation for a thirty per cent
of MIS workload 200.27
APPENDIX G (continued)
ANOVA
Comparison Experimental Condition
Mean Endurance 
Holding Time Score 
(Seconds)
average endurance times for low strength group during 
non-occluded blood circulation for a thirty per cent 
of MIS workload 247.51
mean difference -47.24
average endurance times for high strength group during 
occluded blood circulation for a thirty per cent of 
MIS workload 118.40
average endurance times for low strength group during 
occluded blood circulation for a thirty per cent of 
MIS workload 114.18
mean difference 4.22
average endurance times for high strength group during 
non-occluded blood circulation for a sixty per cent of 
MIS workload 56.42
average endurance times for low strength group during 
non-occluded blood circulation for a sixty per cent 
of MIS workload 64.85
mean difference -8.43
APPENDIX G (continued)
ANOVA
Comparison Experimental Condition
Mean Endurance 
Holding Time Score 
(Seconds)
average endurance times for high strength group during 
occluded blood circulation for a sixty per cent of MIS 
workload 51.97
average endurance times for low s 
occluded blood circulation for a 
workload
itrength group during 
sixty per cent of MIS
45.44
mean difference 6.53
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‘ APPENDIX H
MEAN STRENGTH DECREMENT INDICES FOR THE VARIOUS COMPARISONS MADE IN THE TWO-BY-TWO-BY-THREE
SPLIT PLOT ANALYSIS OF VARIANCE SHOWN IN TABLE II
ANOVA
Comparison Experimental Condition
Mean Strength 
Decrement Indices 
(Per Cent)
A average strength decrement indices 
group under all four conditions
for high strength
7.91
average strength decrement indices 
group under all four conditions
for low strength
11.10
mean difference -3.19
B average strength decrement indices 
blood circulation conditions
for non-occluded
10.88
average strength decrement indices 
circulation conditions
for occluded blood-
8.13
mean difference 2.75
C average strength decrement indices 
of MIS workload conditions
for thirty per cent
10.64
average strength decrement indices 
of MIS workload conditions
for sixty per cent
8.38
APPENDIX H (continued)
Mean Strength
ANOVA Decrement Indices
Comparison Experimental Condition (Per Cent)
mean difference 2.26
D average strength decrement indices after thirty
seconds of recovery 19.61
average strength decrement indices after two and one-
half minutes of recovery 5.99
mean difference 13.62
average strength decrement indices after four and one-
half minutes of recovery 2.92
mean difference 3.07
AB average strength decrement indices for high strength
group following non-occluded blood circulation 8.63
average strength decrement indices for low strength
group following non-occluded blood circulation 13.13
mean difference -4.50
average strength decrement indices for high strength
group following occluded blood circulation ’ 7.20
APPENDIX H (continued)
Mean Strength
ANOVA Decrement Indices
Comparison Experimental Condition (Per Cent)
average strength decrement indices for low strength
group following occluded blood circulation 9.07
mean difference -1.87
AC average strength decrement indices for high strength
group following thirty per cent of MIS workloads 8.33
average strength decrement indices for low strength
group following thirty per cent of MIS workload 12.95
mean difference -4.62
average strength decrement indices for high strength
group following sixty per cent of MIS workloads 7.50
average strength decrement indices for low strength
group following sixty per cent of MIS workloads 9.25
mean difference -1.75
AD average strength decrement indices for' high strength
group after thirty seconds of recovery 16.32
average strength decrement indices for low strength
group after thirty seconds of recovery 22.89
APPENDIX H (continued)
Mean Strength
ANOVA Decrement Indices
Comparison Experimental Condition (Per Cent)
mean difference -6.57
average strength decrement indices for high strength
group after two and one-half minutes of recovery 4.98
average strength decrement indices for low strength
group after two and one-half minutes of recovery 7.01
mean difference -2.03
average strength decrement indices for high strength
group after four and one-half minutes of recovery 2.44
average strength decrement indices for low strength
group after four and one-half minutes of recovery 3.41
mean difference -.97
BC average strength decrement indices following non-
occluded blood circulation and workload of thirty
per cent of MIS 12.51
average strength decrement indices following occluded 
blood circulation and workload of thirty per cent of 
. MIS * 8.77
APPENDIX H (continued)
Mean Strength
ANOVA Decrement Indices
Comparison Experimental Condition (Per Cent)
mean difference 3.74
average strength decrement indices following non- 
occluded blood circulation and workload of sixty
per cent of MIS 9.25
average strength decrement indices following occluded 
blood circulation and a workload of sixty per cent of
MIS 7.50
mean difference 1.75
BD average strength decrement indices following non-
occluded blood circulation after thirty seconds
of recovery 21.22
average strength decrement indices following occluded
blood circulation after thirty seconds of recovery 17.99
mean difference 3.23
average strength decrement indices following non- 
occluded blood circulation after two and one-half
minutes of recovery 7.57 154
APPENDIX H (continued)
Mean Strength
ANOVA Decrement Indices
Comparison Experimental Condition (Per Cent)
average strength decrement indices following occluded 
blood circulation after two and one-half minutes of
recovery 4.42
mean difference 3.15
average strength decrement indices following non- 
occluded blood circulation after four and one-half
minutes of recovery 3.85
average strength decrement indices following occluded 
blood circulation after four and one-half minutes of
recovery 1.99
mean difference 1.86
CD average strength decrement indices for workload of
thirty per cent of MIS after thirty seconds of
recovery 21.61
average strength decrement indices for workload of 
sixty per cent of MIS after thirty seconds of
recovery 17.60
mean difference • 4.01
APPENDIX H (continued)
Mean Strength
ANOVA Decrement Indices
Comparison Experimental Condition (Per Cent)
average strength decrement indices for workload of 
thirty per cent of MIS after two and one-half minutes
of recovery 6.77
average strength decrement indices for workload of 
sixty per cent of MIS after two and one-half minutes
of recovery 5.22
mean difference 1.55
average strength decrement indices for workload of 
thirty per cent of MIS after four and one-half min­
utes of recovery 3.54
average strength decrement indices for workload of 
sixty per cent of MIS after four and one-half min­
utes of recovery 2.31
mean difference 1.23
ABC average strength decrement indices for high strength 
group following non-occluded blood circulation and a 
workload of thirty per cent of MIS 9.64
APPENDIX H (continued)
ANOVA
Comparison Experimental Condition
Mean Strength 
Decrement Indices 
(Per Cent)
average strength decrement indices for low strength 
group following non-occluded blood circulation and 
a workload of thirty per cent of MIS 15.38
mean difference -5.74
average strength decrement indices for high strength 
group following occluded blood circulation and a 
workload of thirty per cent of MIS 7.02
average strength decrement indices for low strength 
group following occluded blood circulation and a 
workload of thirty per cent of MIS 10.52
mean difference -3.50
average strength decrement indices for high strength 
group following non-occluded blood circulation and a 
workload of sixty per cent of MIS 7.62
average strength decrement indices for low strength 
group following non-occluded blood circulation and a 
workload of sixty per cent of MIS 10.89
mean difference -3.27
APPENDIX H (continued)
ANOVA
Comparison Experimental Condition
Mean Strength 
Decrement Indices 
(Per Cent)
average strength decrement indices for high strength 
group following occluded blood circulation and a 
workload of sixty per cent of MIS 7.37
average strength decrement indices for low strength 
group following occluded blood circulation and a 
workload of sixty per cent of MIS 7.62
mean difference -.25
ABD average strength decrement indices for high strength 
group following non-occluded blood circulation and 
thirty seconds of recovery 17.12
average strength decrement indices for low strength 
group following non-occluded blood circulation and 
thirty seconds of recovery 25.32
mean difference -8.20
average strength decrement indices for high strength 
group following non-occluded blood circulation and 
two and one-half minutes of recovery 5.72
APPENDIX H (continued)
ANOVA
Comparison Experimental Condition
Mean Strength 
Decrement Indices 
(Per Cent)
average strength decrement indices for low strength 
group following non-occluded blood circulation and 
two and one-half minutes of recovery 9.42
mean difference -3.70
average strength decrement indices for high strength 
group following non-occluded blood circulation and 
four and one-half minutes of recovery 3.05
average strength decrement indices for low strength 
group following non-occluded blood circulation and 
four and one-half minutes of recovery 4.66
mean difference -1.61
average strength decrement indices for high strength 
group following occluded blood circulation and thirty 
seconds of recovery 15.53
average strength decrement indices for low strength 
group following occluded blood circulation and thirty 
seconds of recovery 20.45
mean difference ‘ -4.92
APPENDIX H (continued)
ANOVA
Comparison Experimental Condition
Mean Strength 
Decrement Indices 
(Per Cent)
average strength decrement indices for high strength 
group following occluded blood circulation and two 
and one-half minutes of recovery- 4.23
average strength decrement indices for low strength 
group following occluded blood circulation and two 
and one-half minutes of recovery 4.60
mean difference -.37
average strength decrement indices for high strength 
group following occluded blood circulation and four 
and one-half minutes of recovery 1.82
average strength decrement indices for low strength 
group following occluded blood circulation and four 
and one-half minutes of recovery 2.16
mean difference -.34
ACD average strength decrement indices for.high strength 
group for a workload of thirty per cent of MIS after 
thirty seconds of recovery 17.29 160
APPENDIX H (continued)
Mean Strength
ANOVA Decrement Indices
Comparison Experimental Condition (Per Cent)
average strength decrement indices for low strength 
group for a workload of thirty per cent of MIS after
thirty seconds of recovery 25.93
mean difference -8.64
average strength decrement indices for high strength 
group for a workload of thirty per cent of MIS after
two and one-half minutes of recovery 5.17
average strength decrement indices for low strength 
group for a workload of thirty per cent of MIS after
two and one-half minutes of recovery 8.36
mean difference -3.19
average strength decrement indices for high strength 
group for a workload of thirty per cent of MIS after
four and one-half minutes of recovery 2.53
average strength decrement indices for low strength 
group for a workload of thirty per cent of MIS after
four and one-half minutes of recovery 4.55
mean difference 2.02
APPENDIX H (continued)
ANOVA
Comparison Experimental Condition
average strength decrement indices for high strength 
group for a workload of sixty per cent of MIS after
thirty seconds of recovery 15.35
Mean Strength 
Decrement Indices 
(Per Cent)
average strength decrement indices for low strength 
group for a workload of sixty per cent of MIS after
thirty seconds of recovery 19.84
mean difference -4.49
average strength decrement indices for high strength 
group for a workload of sixty per cent of MIS after
two and one-half minutes of recovery 4.79
average strength decrement indices for low strength 
group for a workload of sixty per cent of MIS after
two and one-half minutes of recovery 5.66
mean difference -.87
average strength decrement indices for high strength 
group for a workload of sixty per cent of MIS after
four and one-half minutes of recovery 2.27
mean difference .07
APPENDIX H (continued)
Mean Strength
ANOVA Decrement Indices
Comparison Experimental Condition (Per Cent)
BCD average strength decrement indices following non­
occluded blood circulation for a workload of thirty
per cent of MIS after thirty seconds of recovery 23.01
average strength decrement indices following occluded 
blood circulation for a workload of thirty per cent
of MIS after thirty seconds of recovery 20.21
mean difference 2.80
average strength decrement indices following non­
occluded blood circulation for a workload of thirty 
per cent of MIS after two and one-half minutes of
recovery 9.34
average strength decrement indices following occluded 
blood circulation for a workload of thirty per cent
of MIS after two and one-half minutes of recovery 4.19
mean difference 5.15
average strength decrement indices following non­
occluded blood circulation for a workload of thirty 
per cent of MIS after four and one-half minutes of
recovery 5.16
APPENDIX H (continued)
Mean Strength
ANOVA Decrement Indices
Comparison Experimental Condition (Per Cent)
average strength decrement indices following occluded 
blood circulation for a workload of thirty per cent of
MIS after four and one-half minutes of recovery 1.92
mean difference 3.24
average strength decrement indices following non­
occluded blood circulation for a workload of sixty
per cent of MIS after thirty seconds of recovery 19.42
average strength decrement indices following occluded 
blood circulation for a workload of sixty per cent of
MIS after thirty seconds of recovery 15.77
mean difference 3.65
average strength decrement indices following non­
occluded blood circulation for a workload of sixty 
per cent of MIS after two and one-half minutes of
recovery 5.79
average strength decrement indices following occluded 
blood circulation for a workload of sixty per cent of
MIS after two and one-half minutes of recovery 4.65
APPENDIX H (continued)
ANOVA
Comparison Experimental Condition
Mean Strength 
Decrement Indices 
(Per Cent)
mean difference 1.14
average strength decrement indices following non­
occluded blood circulation for a workload of sixty 
per cent of MIS after four and one-half minutes of 
recovery 2.54
average strength decrement indices following occluded 
blood circulation for a workload of sixty per cent of 
MIS after four and one-half minutes of recovery 2.07
mean difference .47
ABCD average strength decrement indices for high strength 
group following non-occluded blood circulation for 
workload of thirty per cent of MIS after thirty 
seconds of recovery 18.44
average strength decrement indices for low strength 
group following non-occluded blood circulation for 
a workload of thirty per cent of MIS after thirty 
seconds of recovery 27.59
mean difference -9.15
APPENDIX H (continued)
ANOVA
Comparison Experimental Condition
Mean Strength 
Decrement Indices 
(Per Cent)
average strength decrement indices for high strength 
group following non-occluded blood circulation for 
workload of thirty per cent of MIS after two and 
one-half minutes of recovery 6.81
average strength decrement indices for low strength 
group following non-occluded blood circulation for 
workload of thirty per cent of MIS after two and 
one-half minutes of recovery 11.88
mean difference -5.07
•
average strength decrement indices for high strength 
group following non-occluded blood circulation for 
workload of thirty per cent of MIS after four and 
one-half minutes of recovery 3.67
average strength decrement indices for low strength 
group following non-occluded blood circulation for 
workload of thirty per cent of MIS after four and 
one-half minutes of recovery 6.66
mean difference -2.99
APPENDIX H (continued)
Mean Strength
ANOVA Decrement Indices
Compairson Experimental Condition (Per Cent)
average strength decrement indices for high strength 
group following occluded blood circulation for work­
load of thirty per cent of MIS after thirty seconds
of recovery 16.15
average strength decrement indices for low strength 
group following occluded blood circulation for work­
load of thirty per cent of MIS after thirty seconds
of recovery 24.28
mean difference -8.13
average strength decrement indices for high strength 
group following occluded blood circulation for work­
load of thirty per cent of MIS after two and one-
half minutes of recovery 3.53
average strength decrement indices for low strength 
group following occluded blood circulation for work­
load of thirty per cent of MIS after two and one-
half minutes of recovery 4.85
mean difference -1.32
APPENDIX H (continued)
Mean Strength
ANOVA Decrement Indices
Comparison Experimental Condition (Per Cent)
average strength decrement indices for high strength 
group following occluded blood circulation for work­
load of thirty per cent of MIS after four and one-
half minutes of recovery 1.39
average strength decrement indices for low strength 
group following occluded blood circulation for work­
load of thirty per cent of MIS after four and one-
half minutes of recovery 2.44
mean difference -1.05
average strength decrement indices for high strength 
group following non-occluded blood circulation for 
workload of sixty per cent of MIS after thirty seconds
of recovery 15.80
average strength decrement indices for low strength 
group following non-occluded blood circulation for 
workload of sixty per cent of MIS after thirty seconds
of recovery 23.05
mean difference -7.25
average strength decrement indices for high strength 
group following non-occluded blood circulation for 
workload of sixty per cent of MIS after two and one-
half minutes of recovery 4.63
APPENDIX H (continued)
ANOVA
Comparison Experimental Condition
Mean Strength 
Decrement Indices 
(Per Cent)
average strength decrement indices for low strength 
group following non-occluded blood circulation for 
workload of sixty per cent of MIS after two and one- 
half minutes of recovery 6.95
mean difference -2.32
average strength decrement indices for high strength 
group following non-occluded blood circulation for 
workload of sixty per cent of MIS after four and one- 
half minutes of recovery 2.44
average strength decrement indices for low strength 
group following non-occluded blood circulation for 
workload of sixty per cent of MIS after four and one- 
half minutes of recovery 2.65
mean difference -.21
average strength decrement indices for high strength 
group following occluded blood circulation for work­
load of sixty per cent of MIS after thirty seconds 
of recovery 14.91
APPENDIX H (continued)
Mean Strength
ANOVA Decrement Indices
Comparison Experimental Condition (Per Cent)
average strength decrement indices for low 
group following occluded blood circulation 
load of sixty per cent of MIS after thirty 
of recovery
mean difference
strength 
for work- 
seconds
16.63
-1.72
average strength decrement indices for high strength 
group following occluded blood circulation for work­
load of sixty per cent of MIS after two and one-half
minutes of recovery 4.94
average strength decrement indices for low strength 
group following occluded blood circulation for work­
load of sixty per cent of MIS after two and one-half
minutes of recovery 4.36
mean difference .58
average strength decrement indices for high strength 
group following occluded blood circulation for work­
load of sixty per cent of MIS after four and one-
half minutes of recovery 2.25
APPENDIX H (continued)
Mean Strength
ANOVA Decrement Indices
Comparison Experimental Condition (Per Cent)
average strength decrement indices for low strength- 
group following occluded blood circulation for work­
load of sixty per cent of MIS after four and one-
half minutes of recovery 1.88
mean difference .37
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APPENDIX I
COMPARISON OF ISOMETRIC ELBOW FLEXION STRENGTH OF COLLEGE MALES
Standard
Strength Mean Standard Difference Error of
Groups N (Units) Deviation (Units) Difference t P
High
Strength
Group 15 47.93 1.94
11.53 .89 12.9 .01*
Low
Strength
Group 15 36.4 2.69
* F needed at .01 level, 3.01
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APPENDIX J
RELIABILITY ESTIMATES OF ISOMETRIC STRENGTH TESTS
Variable 
Isometric Strength
(Units) Initial Test Retest Correlation P
High Strength Group 
N = 15
Mean 47 47
S. D. 1.9 2.4
.88 ■ .01
Low Strength Group
36 36
2.7 2.9
.93 .01
High/Low Strength 
Group
N = 30 
Mean 
S. D.
42
6.3
41
6.4
N = 15 
Mean 
S. D.
.98 .01
APPENDIX K
ESTIMATES OF RELIABILITY FOR TESTS OF RELATIVE ISOMETRIC ENDURANCE HOLDING 
TIMES FOR THE FOUR EXPERIMENTAL CONDITIONS
Variable Experimental Condition
Isometric Endurance 
(Seconds)
I
Test Retest
II
Test Retest
III
Test Retest
IV
Rest Retest
High Strength Group
N = 15 
Mean 
S. D.
Correlation
200.30
25.00
.92
204.7
30.4
118.40
8.80
.76
120.4
12.4
56.40
7.90
.86
58.0
8.0
52.00
7.20
.97
50.1
9.4
Low Strength Group
N = 15 
Mean 
S. D.
Correlation
247.50
35.60
.95
248.1
38.4
114.20
13.20
.88
121.5
11.2
64.90
9.40
.87
68.0
11.4
45.40
8.20
.93
49.7
12.2
APPENDIX L
ESTIMATES OF RELIABILITY FOR RECOVERY INTERVALS FOR THE FOUR EXPERIMENTAL CONDITIONS
Variable Experimental Condition
Strength Decrement Indices 
(Per Cent)
I
Test Retest
II
Test Retest
III
Test Retest
IV
Test Retest
High Strength Group 
N = 15
Thirty-Second Recovery 
Interval
Mean 18.40 23.0 16.10 17.0 15.80 18.6 14.90 16.4
S. D.
Correlation
Two and One-Half- 
Minute Recovery 
Interval
4.90
.26
6.6 4.00
.65
5.0 3.80
.74
4.8 3.60
.22
3.8
Mean 6.80 7.1 3.50 6.2 4.60 5.6 4.90 5.3
S. D.
Correlation
Four and One-Half- 
Minute Recovery 
Interval
3.80
.34
3.7 2.60
.19
3.3 3.00
.12
2.7 3.30
.54
4.0
Mean 3.70 4.1 1.40 2.5 2.40 2.9 2.30 2.0
S. D.
Correlation
3.00
.13
3.2 1.50
.69
2.4 2.80
.12
2.6 2.40
.49
2.6
APPENDIX L (continued)
Variable Experimental Condition
Strength Decrement Indices 
(Per Cent)
I
Test Retest
II
Test Retest
III
Test Retest
IV
Test Retest
Low Strength Group 
N = 15
Thirty-Second Recovery 
Interval 
Mean 
S. D.
Correlation
27.60
6.30
.61
25.6
4.9
24.30
5.10
.62
22.6
6.1
23.10
8.80
.74
22.5
4.8
16.60
4.20
.48
17.7
6.0
Two and One-Half- 
Minute Recovery 
Interval 
Mean 
S. D.
Correlation
11.90
2.30
.75
10.2
4.0
4.80
2.50
.62
4.2
3.1
7.00
4.90
.74
6.0
5.0
4.40
3.10
.48
4.7
4.1
Four and One-Half- 
Minute Recovery 
Interval 
Mean 
S. D.
Correlation
6.70
5.90
.38
4.2
4.6
2.40
2.20
.26
2.4
2.7
2.70
2.30
.67
2.4
3.2
1.90
2.70
.31
1.9
2.9
A correlation of .64 is significant at the .01 level of confidence 
A correlation of .51 is significant at the .05 level of confidence
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